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STHOPSIS 

fli« oxldatloa ©f Za? - 2.5 wiigist peireex^t 

BTb alloy varitd aei>«»dl»g on (t) terarpeajatna?® o# oxidation 
(2) elapsed tl»© of oxidation (5) liodinia of oxidation, sad 
(4) bistory of tbe speeiaons# 

Bate of oxidation Inoreased, as mcpeoted, tdtb tnoxease 
in temperatur©. At low teiaperatnres (500^ or so) the kine- 
tios eonld possibly be deseribed by logaritbnie law wbereas 
at elewated teiaperatnres parabolie and linear rate laisi were 
observed. At aronnd ?00^0 and abore tbe rate was far more 
enbanoed. 

Appreoisble oxidation oeonrxed only sbowe 5iO^C« Above 
500®C, tbe weigbt^gain was rapid, and at teia^ermtnxes biid^er 
than about 700®0 tbe rate was very bl|^. Tbts temperature 
depend«iee bebaviour seemed to be reHeotei in tbe peaks 
observed during difierentiatl tbermal emelysis of tbe powder 
speoim^. 

With elapsed tij^ of oxidation at a oonstant twi^erature, 
a nimsber of transition oyoles in tbe wti#t gain ourvis were 
observed, l^lanatlon to this was soagbt in temm of ebarao* 
terlstlos of oxides of niobii^ffli foriiad during tbe reaeotion. 

Other prooesses wblob eoold em^ain tbe oeenmsioe of tran- 
sition have been separately ooi^idered.ik fbe ei^lanations were 
supported by aetallogn^bio observations and X-ray analysis 


y .....a, 


of thB substxnte mS. tlie reaetlon psolmete. AttftKpt to 
correlate tb© aomber of oxide layers observed wider pola- 
riziag ttieroeeope wltfe that of t»8®aitlo» oyeles failed 
dm® probably to the eeiiamte layers of oxide mot being 
distinctly resolved with the magnifteatioii eaployed. 

Oxidation in air leas rapid Oiw^ared to that la oxygwi. 
The difference ia the weight^gaias for the two eaaee de» 
creased with taereaeiag teaperatmre of oxidatitw* fhie hae 
boia explained oa the baeie of a jeechaaisa based oa diffiw 
Bioa model for growth of the oxide layer and iaoxeaeing 
reactivity @f niobimm with nitrogen with laoreasiag testpe* 
rmtmre evidenced frwa literature* 

fhe oxidation of annealed samples led to slower rate 
compared to that for the case of ae *xeeeived ones* ?his was 
amenable to theoretical esplaaatioa based m the ooarseness 
of the second phase observed from the miorognqpihSf 

Bb smite of hardness measmrmats diffractograms 
led to a conclmsion that oxygen pwietratioa la the substrate 
at lower temperature (500^0 or so) for extended ©xidatioB, 
or for short dmamtion at elevated te^^ratmree as iwre the 
ease in the present work, oeemrred to a veasy imll depth^hls 
hae been correlated with aetlvation «aes!gy l^r diffbsiea ef 
exygea In the metal., 

Calcmlated aetivatloa waergies for different kiaeties 
observed were eem^ted with the pemlble preeesses oeemrring 
ia the wcidation reaetiwi# 



Results of X**»y analysis» mloroliartoess as*sa»«Biwits# 
difftTaetograaiB, aiacrogmplas* laicrogxaptes and observed oxide 
layers under polarising ttloroecope bate been discnssed to 
oorrelate wltb tbe Iclaetlcs obeen^'d* 
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mBOOTCfldl 

mtH l#Ete 1940*i tittle wm toi®iBa iSbowl tli# 
«so£msi€ii resietane® sireonitan, «ltb«3r iMieame^ &t the 
eeazeltj of the pitt« isetal ov iraxlalile pusitf tlie motiil 
«irajai 3 »Io* 

Zls^otatim mA lt« 1^3^78 Mf« lioisi m of 

extinsivo stiiaf &m to tlioix* gisowlng ia^iptsaio® is tlio ffolt 
of nooloar tootmologf ant o!i«sioai 3 . ioOnotirioo* flMiiir loq^oxw 
to&oe to inioIoii 3 r xtaotor m olmotoxoi laatorislB llos 

Sxm to 3.00 aeot»m «l>oori^ti<»] oxo«0*««otiim« gooi ttoofnailoal 
«%vmg%’h tad toloirolblo oosxooloii TOtiatisioo. 

file otilitf of oiiMioxtiini «»& its itlXosre In 
3 ?e»otor a^Xiootioiie boo otisoioted aneli stuOy of tbeio 
ooosoaion bobairlcmxr* fto aeoboaios and Iclootioo Imte %o«o 
oaq^IoxoO Of o mse^T of iooootigotoini'^ mslog eoib oofiaaite 
oo t«[^e 3 tiatm}! 0 |, proosoro^ OlXof ooqpositiosi ooO ti«* 
tiiMi» Wmmwt soooXtB ovo of ooofliotlof sitoxo^ ft 
io xooXisod tbftt mm tbo aoobntiin of of oombob- 

0I0117 pore siroooiiai In# not boon oXoao^f m^xotoot vltliln 
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tbe entiare of mmf 3,«t al^t tlbe etm of 

tbe a3.X#y tlie 

ftisrecsiilcai is sofi m& soseeptibie to bigtt 
oorxosioii* fb® aetsl bas tboirofoxe to he ailoyoi to path 
it to a oaltabXe mao ao atfootisanPL matoiriaia* 2ixea3.oyw2» 
axi biloy of si3^aiiia» vltb Sn 1,5» Sb 0,12* Or 0»10 m& 

11 0*05 pot,, bao booa wiioiy 'aoclaiaiod for ita ueo is tbo 
xmoloar reaetoro m olaidSBg iialorlai for tbe tml elmamh^ 
la tbe roooxit paot, cnother tPLlflcr of alrooasiixm eontaiaiog 
2#5 vt, pot, aioblioi soosod to bold a»re promiee^ to emba- 
titoto alr8aloyw2 In -view of its slii^ly ittproted streagtb 
and eorrositm resistwaoe property over tbe litter. 

Both of these alloys bate beexi laweatigated fbr tt^ir 
bebavionr oaitily la water and steep beoaase aiost of tbe 
reaotore lUNi tbese ipdia for ooolisg and as Miderator* llte- 
ratitre afurvey xevwale that little work bas bopi done to 
delineate tbeir bebavloitr In gasem enviroiaiants other tbin 
steep (details of literature survey are giten. eleoi^re)* 

Benee it is desirable that tbe Icbwtlo bebaviour of tbe alloys 
in pure oxygen nid air be v^ll landeretoed* 

fbe s:r«-2,5 «t« pot. lib sHoy, due to its min&m pro* 
perties, eould possibly be used as stmotiirui mtexiali^ fbr 
tbe fUtuxe newer xeaotors* fbe ore sent ixEiMiatiieation was 
earried out wltb a tiew to understend tbe bebaviour of tbe 
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slloj T)otli in air and pare ory^a at ftiffaraat tewparatarta 
aader a preaaare ef one atnoapliexe* flte x«aie iv«re earrlad 
oat tbe»B0g3eattfflrtrioa3Lly and xaaetion prodaeti aaid^yBed 
by differwEit netbo^. 

Jn^ 

^ oattonaite llteratare uareoy «b ojdbaatlon eba- 
raeteristios of pare slrooniw, B^loblrai ant tboir alloya 
was aada and la smaniariaed in tbo foilloaing fm pafoo* 

Mrooniioii 

Xtlttle aigaifioant attaelc: oeoaxa daring oxidation of 
sirocsilaa wltli eouMn gaaea belov 4130^ • ibore title toaipo* 
ratare, tbe natal roaota altli oaqrian* nitroioa and aator 
Xi^oar* fb& rata inoraaeea x^idly oitli InaxoaoiBg taa^pam* 
tmre. 

laaetion of airotmltm wllb eoa^efim rae axtanairaly 
atndiad %y rosy voxleare is tlm paat*^^^ dalbxanaesQ and 

It ^ 

indrair atndiad afiaet of tai^aratnxa in tba rania 200-42$ C 
and praaanxa o«Ti - T^d na« JOLthsm^ no aingLo rata lav 
fittad tbair dat^» tbay Ibnnd tbat a nodifiaatian of para- 
boiio rata Ian pxadlote tba ganarel alM^ of tiM tiiBo»eurae» 
Onbieoiotti^ atndiad oxidation In tbo mmm nbiiHi 

inoindaa tba aondltion nbaro oxygan ia rtaatiag with tba 
»atai and tba oxi^' ^ diaaoiting In tba natai plumt* .lia^ 
raamta idionad paritboiia %m at ail ta^tamtaraa axaapt 920^0 
nbara mil datiation tonaxda llnaar raiatimabip naa obaarvad* 
Oaleidatad aatitation anazgy me ^*0 baal«/!8ola» 
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tli9i£'Z«8i3Xt8 axe'«9X« mspTmm& euMe 

ttoas* : 

Bispltc 'wmf. 8«miii«tiag “Vim tmm §smmimB 

xearllaa: 9f wiW ^ suMsas^istta as iailows, 

fa« oxidation is iogmxitteio Ma« 4IX}^» 

tbs. xsaaiioa ^aliairtoiix ahasiss. It ism l»asa Sosni tliat tlis 
talm* of a ^Ho gmoxsl xato otinKtioa « It ’varios fvoa 
tlixos^®*^^»^®*'*^ to flio zoaasii f4x tliooo diooxu 

gtntioB la mt aioaxc dai^inataon sisd JadxoWf^® snd Ponolox'^® 
fxopoaod' t%at tii^ %# solatod to t^ aaffsoo pwpwimtlm 
of tlis apooiasaa said diflOxoaeoa is oaeioatatloii %«t«owa 
diffoa?«tt ixala«% 

la m olootM Biexoaeopo atii^ of sixooiiiiiBi oxidatioa 
Boagiiiaa aa^ tsai Ikaadayt®® eltonod tM tito ^ta oxido fliaia 
as oiowid %f taranaBlaaioa aierooooff aso oxtzosolf Hitoxo^ 
.fmoaa doapito tlio $mt t^at t^ fHaa i^v mllliMi latoaw 
lOxmo oolainni said oi^itit aaootl aarfaoea If tko loflioatloa 
tootmifSMis* 0a tbia ^aal8t taoao aatboxa tatatlsa tlio aaoiai«> 
SMias of ^xoaolag '^o Idbawtio a^mxsasiits la toasso of, fasti** 
oaSax xato otaatiiaia^, 

BoMioxig at s(l«.»®^ dO^liaaadt ot«iiii»®® sasMI Isaagla®^ j^aad 
aolid, oaiadiliitf of oxanfsa la a aisosalaa to %o ft atoaio 

fistoat iNfliioaa 4(90 *saMl i0@^ Ipfsadiji l)« flM mtls^ilitf 
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turns Jbsdttptailtot sf tssfsratuxe* Osargsn ssofi^lts intssstl-liil. 
fssititms Cs«tsh«ixs2.) iM sls^onitoi Xsttiss* 

tioB sf oaqriss l^asidli tlie isstaX swrfsee mm&^a in 
Sag &t it» It tsBS siiggssl^ %r tliat ta« sxtsasiir# 

lt«xt«ilag sfiset anst %s ins Sa pwae^ ts'tlis Is^lse iistsau 
tlsa sssiaq^fiqriaf its lataNNstioa Mti psssitX? ts tli« fxs* 
ftxxsd pssitifm sf'ta# atfiini* 

fsasiss^^i likiliisxlc St «Bi ftstsai^^^ ^sssi 

tamt sa^a iissslaticai pxsssss IslXsssi a fsasasXis xvts 
ttsts tOO^f sai tbsy sXss fomMI tlist tbs «sX«biiit;f sf siygaa 
ia _sisssalsa al @90^ sas tO at* pet* sa leas* flis sttlils 
exiis sf aixs^iaa is Mg* it exists ^ la tbxse eifstiXlSw 
gxspbis ^aast aabiSt tstaagsaaX aaA am^lais* 

Wmm tbsia ^mtwm iiffxsstiea staif sf tbs exits 

ilia fsxnst ea sixs^iiaa betsesa 300 sat iOO^Of liSbaas aai 

9 & 

CNiibssassa s^tsii that tbs a^issxiais fsiai sf «ss 

m 

pisaaat* Msst tiffXastisa statiss m sxiti fi3mm 

W9wm& bslsa 1000^ xsfsc^st saif tbs pxsasass sf wassXiais 
SaOgf itilXs sisstxsa iitfXastisa alaiiss m tbia filas aXss 
iaiisstst tbs iSasstiiXi sf sabis {sx tetaageaal) astiHsiN- 
timm* fbs SMSissilais £»as is tbszfest^aasissllF siiits bsisv 
i^^sat 1200^^ absxsas tstxagsaai asiUlaaliai is stiiXs it 
bi#sx taapsxitms*. ' leaglass msM Issiia^t^ atss ibssxfst 
btiw«ii«en^nP^lsiii xsgieas ia tbIa Mg mas* 
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It its giotsiilly «grted tlniEt ZifOg lie ©lyii®- 
Sifieieiet, Imt %h» «it«in of nm^^ololiioisttsy of tE0g ta 
efmjPLllixitii oitli oay£ea>*8a^lll^ sixooBian Is aot Ioobmo* . 

As lovoa oxiAee of oireoaiiai , are . a oii - oal gifirl » tiMi TO M ciewo 

a<Ma<pp*toioaiei»iti?^ ^ iM iWBooliJito ■ 1# y *olwilAF oaoU.*, 

ri?o« a^xieor otoAioo ft is tlisfl loas 

Afgawcl# jUSiww® tlii»ooi^ soslo# ■ -It is Oiwa geaeiaOlly 
ttsso^ tbst the Aofests in aoa^stololiiOBiotsrie Mg eoasist 
of 0 iKyg*a tsoiBioies,*.^ fli® laset aataase of tfeo defeot stfwo<» 
twxo of zaOg tlw tisB^^at Bos'toas Of olwrlxtouif anloais aad 
ootfoas oxo iWft loiosa% 

ft 1®0-tOO®^» tlw tWji ioA «*oy OO ^imiOte-Oloili soolos 
i^Miod Oy oxidotlofi fa oay®®a oxo tl#tly adbeiont to t^ 
aotol^*^^« fs tlfea tttopoxiitaxe is ssiood fsxt^sa siiito spots 
of Mg sod aososiw^isg flak$mm appoax,^*®® tli# spots la. 
sxssslai la siaO' isslii Slsost tia «i^e spoefm is iltito 
(sftsx till St ?oo®0f and s las alxBilw si Witli ©xl. 

dstlss in £tt" iiaott $05€>®6 tils laaiKr lifsolE soslOf oaiMrisIlaf 
of swiioollaio sad tstiacMaaii Mg, sad oaaio M# ooa^ios 
asst of tao tOisiEatiw#^^ 

It Is soU tlisl tao xssstloa of 

with mmmim is aoif igiaio si lew piiwssws sod toa^ossiM 
’ aolos 400®®* fas xosiftioa proOesis iOaedtir st '40®^ asl ««ito 
appssoiiiilji^ St BOO^ or aSwoo* 
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luit^ f&mA tli«t to pet* i^wmA 

m eeliA eeletieii vitii etese lUra tbeee 

ef eipiviif axe aSiaextei !» tlie l«t«i?0tiees ef tl^ netia 
lattiee %ttl limee leas ttoliSIitp* flie diaaeltei nitze|p»i 
iaexeaaea « •» p tsaaeitieii t'lnspexatiixe In mm nap- m data 
expieii wXthem^ to a gxeator encyst* flie xeaetlon tale liaa 
%*en to %e patt(b@Ii.e^*?^ iq^'tOOO^O* flie xete eas 

also iniepfsBieBt of fxeasm* eetieatioia eaoxgioa next 
OflOteiO^etoO to Im P9*f anf kea^^/aole xem^eotitelp* 

flit ooliA aeliAiilltr itsit of nitxoi^ In sianoniwi 
eaa to lie so at* pot* Oa^fo aitxi^e ixt im fpaani i» 

aMittoa to t%o ealnsalefl ooHotieit* file nitxi^ 

g» mUMm laHov in eol-enr* 

A x^atifolf laiipion mmUJMg xato of wAmmim In aix 
no ooiq^axo4 to tliet of aixoonion la oxfgea $|P IRMi 

nopoirM fnoininon and laiavln^^* lello mA 
iOamot tlial tlie kinotieo of tlio toi^oawlnxe 'onliallon 
of oitoonim In aln Mlovoft a oabio fiM aotiaao 

tion mmwisr fov tie notion one oaioniatoi to lo 47«#’lGBal^ 
nolo, ,£ntMl^^ alniiot tlo' onliali<Qii taioo of i^mm$m In 
Ai^ alX' ai $06t Aoo mA neto initiaiip Mionoo 

a oaOio aaio .an& finailf it ^%mm a Union oiMii. fin netioa* 
tiM onoxif mui oaiovlaloA to lo 41*4 loaVM.o ion tlo initial 
xoaotlan aaO 2f«@ leeaMBXiS*® ofton tx«iwitin!i to tlo llnoar sato. 



XAtcs ©f pern tixttmiwt 
with iiit 2 ©i<ni loid ©If ©t Itli^ 

a?attieti©ae. mlal:^ tMwmd pmmh^ie x«t© Im* fl» 
tim mmxgit* t&w thtm mmtlmm wmmt 54* ^ 

3%i^Q IemO/mS.* m& 42 «t Me3L/ml9 mmttim l» mtem^ 
mltmern imt mix mtmwtlwmij^ 

-'MMmx initial. pxo%«eti'V« osidaliioa mlmmltm «ti& 
six«»©aim-%«»e id.ld7B heglM tw mEl0A,m «l m mtwXwm^wSL 
x©t«« ' Xaeli lias hmem tw wmtmt thw mmttlm 

mehmltmt 1ra:l fwt m mXmms-mmit, wwsXMm^lm ^ai 1mm wHaimi. 
m& awaeeii tm thw immmm mitw wf wMmtlm im aliXI 
©l>0<»a», 

liMm 

fiM 3e«ti©ti^i8 liatwaa vlMihlm mA ww$em hwm hwm 
mtMM mww m viA© mmg6 ©f ©^iAil;l©ii©« ©fkta nitli ednUiat** 
lag 3»eiiit8% flia tvmmtw^vm iwpm^mm ©f ©laHtti * mtggm 
mmmtim aagr hm ti©ii«A la tlts©« vt«i©©i 'm^twgm 2®§ inA 
m pwwtmtlm ©xiA© iJi lAxfiaAp. «©S wmatlrn Iblloi© © 
t©x©l»©tie mtm tmi m tmmitim t# ie©4li«x wmghm^m Im© 
©©i©i ©©g©arf»A*^^ BvAvtta 17$^ awSL ghemt $11©% tl© sanuitiaatf 
aAMmigh mitUtXXg pmaShgll&f ‘mmmw ilimx mitm m imxImhi 
p©ieA©A ©f $ Mrnm thw mmtlm ■ I© ©©©Milifaiir 



& eamTtii mm»m 

f luijr flailed it to tlio soaetioii of loioltivii oitli oxyrgm foir 
ft iridft wamg9 of tos^oxotmo pmmmsmet msam 
intolvoA ftt Xftftftl fito of oxltotioo {gltlioiti^ aHI 

otftiftft voxo sot i^soeosl’ it oYoxar ton^satiixo «sA pmmmm)* 

Bolow 500^0, «it iSiOiMi ?00®fe tile Xftto Of oadUftti^ 
moxoiiBOfty «s aii^ lio tt^poetoit sit^ Isosouftisg tot^sstsso?^*^ 
Oo&filetisg sooiidLto bftvo veposM lbs tlio '^leidsti^ bolu^ 

iriosr of Blob ism sitli osjri^s botwoos boi^oifttisre stsgo ^ - 
ond €90^0^ 

M0mM$Mg to siobiss Ibisft tbsoo oadliteOt iris*, 

m, »0j 04 IbgO,. ■ma.ii” ta« nwtrtM «i. «f 

fts ftiititiosiii osi&Ot Kbg0y but it i« sot .oosfissoiA, 9bo osite 
oxiftts Is Alfimsmt aiXotioipie tpiam*^ 

■ Tbo i^ftOtlos of slobimi sitb sitiogos Miovs ft ftis^io 
]pft»blNa>!lio n^o las botiNNSi 4@6 asA 

lb*li ^Fatfta ia oofti^iagi* fsaa«ieo of ssail aftOMit of 
OftiboB os oxTsas ofts loot to tb« fbsMrllos of ft aMabos of 
wmi pbftsO'O*.. Sobosboxg^^ aa^ aooastiiF @oaxi -ot aA.*^ Iwto 
so^sM tbftt tbois oxisi 'fioo tbaofto is IM oyolo% OtooxCc 
isf to tlio latl^s, tbo^ pibiooa axot ' (i) « « ibV^^^ (boo), 

Cli). p ^ bOjOf Ciii) y •» 

*fBt» fit) b -* iwi •»* (▼) t 

1^®®) • bo», 


ittlwwilit m$, tliilr fftaiy #f 3»w8t.lffitt 

#f mMlnm with fiit^gea« m Jaakmlm ?i<it &f pmetMle 
imtm mutant mh&m^ m mlmmm m^saim «t 

lOOO^O*' B«l0w %M» af X1i|^' ant Hit i» 

f sotiatatf tiM liii^ tma ^m s^wee ma^tion 

m3L3r ' 

^m%im witli air alsaws tliafe al law 'l^tt^aieatiiiisea, ' %lte 
rtaatlaii ia iaitialljr' faraiiolia*^ ' 'It ^awants llnaar vitli 
fataasa af tliaa (tf tiaara-al tlia 

mmtim la liaaar alaiaat tmm tlw atari* A 'traalc in tlia 
taaparatajaa- i^aiitaBa«' af tlia aia^lan raaatiaii lata anrwa 
waa. ehrnmmi %w laapfa^^ at aaaiBit ant wm utaaalatat . 

witli tlie fajenatlcxa ^ latior tinalienat ^ 

Haw? tt 

Wm affiat af naiatara la air m aaaatlan wlt^ alafelm 
la at«a %a twaatiaB* It ^ 1?a«a aliaarfat tHat Ammmim 
tka %MMl&l^ at 40€M^% iam^a t^ lata af aattatl^*^ 
Siwawar# It liaa alaa 1mm rafarlat tint, m laaraaaa In mnl^ 
tltf at laata ta a t^xaaaa in titai rata af aaiiallan«»^ 

It t^^paratmaa Idi^r thm kaa m afitat an 

tin fata af aadtatlaaiiK.^ ■ 

MMm 

'CNn^^ ant Amm ataiMM tin a^txaalan raaia- 

tmm ’rnmimm af a rmpi af iaj(t all^ tatli In walar mA 


It 


psmBBvm 9i0m 500%* flMiir tli«% 

Zw>»2m5 «t» pot* Xb iOl^r Ittti e&tm»ljm x«8i«t«»e» «ie««pt«b3.t 
t& peurt^r M.iaaM s»gi*it%«d ibe^ ttutsr df tbc 

«ffbe% «f b«mt Uliat tlit iHomt &f mibbiHH l» ai 

solid soiiKtios o«tttsol.» tlie x«%« of oxidatloia^ anA tb«l oob* 
o^xaliOBf olio OBd diotirilmtioiii of a otoond fliomi is of 
littlo li|po3rlisieo«, ^ 

0<KK «%B«od tkal ioxsooieB'of SsMIb BUefo 

«itb bii^ posottat (20 to 60 fot) nU^im wm oiaiooptible to 
BQiMmifaxM oxidfttioa ms/S. oi»sBidozoa Booiiitablo for aoo os 
staitetiitxtti satosialo ia ontoir 

faiOMBioo of fltt A '«ii o» fliaaitt 'Ini£«o "kmm xopoitod bjr 
mmf iafootiipftoiof^*^* i«tl«i« m& KIIIbi^ ^ iroewtay Iboo»» 
ticotod by olottio» fxobo id«xo«ialyiiiii (« 6)/« fbooo 

bOBOdaxy (1^ i^^y«idiii i)* lb i» obooxvod to bo i^'bHo i^to 
f».l «t, fot* in « « 2r at 600^0« flo tmiiofiiiMotloa boo 
boos IbMd by Sooxlot Mid bobv^^ to bo ooxy Oliigglob $m iMtoyo* 
fboo fbooo boimdaxy oo^^oitloBO of SiMtt oyatM sitoit in 
Mwmux k «# 1 .. 

BtTHrt^ Mastuna ut Mnw In lk«&r Alafa. 

10 'iaao^ tbit tbo' oolia^ility of oi^rii» lb tmeMiitioB adloyo 
i» laxgoly olootioBio lb motoxo* If #/o notlo of tbo olloir 
io gxoator tbos f«7St tbo ooliibiitl^ is OMilil m It io 

IfiiEto lA 0000 Of loo«r i/o «oti% 
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tm «xi&a$iosi SsiMib, m int^xatdlvl* eoi|p«wii 

€ i»0g * »bg®|| Iww ®fl*ii hem imm the 

mi^te mlim ef the metwHs^ M 'thte I^mm hfam 

the i41#ar eoutttian hi,^ mmet^ &f Wh* 'MkehhMxfi^ ‘|}i«it^ 
tliaA Hift m$e ef eeM^lm is e£te»te&. im te . £ixi^ 

i^isa of iteio emp&rnA^ 

•ll ;t4jLA/^ 

SxooabgBik iBi^ hmpeir^ f^istif is tliio ijmotigotioB 
of ooiitlo 41«tfi%iflioa In oxldinod Sxysni oilo3ri oioetzon 
.lioim ttioxomtlTaio* tint &ioo^'Oos In tlio oxil^ SsOg nitli 
iittlo «3.tox«lion to tlio oziSo otmittitiw^ 

fno^^la «t 03.*^ oHoosfofl tmm tlioin X^anor otnif 
tliot til# ooMliit^ of trOg In to of tto ew&me of 

|0 mhke fonoont^. 

' WaiXe tlio oxiOotioB of XW%«oo nlnoonliiii ollofo hm 
iMon to oibillit intomi onlffitiottt ^ tiolio» 

'tionar ton hem olisoxooO Mw tlio o««t of ini .^000 ollofs* 

oxido m ai 9 ee$mm maxfeee gononoUf midozfoos tlm 
ehmmhe' la eeXmx hMt to nottM «id UnoHj to .liiito# 
li*s]| oniAo io th&et^ to he paotoottoo and noa-otoieliionetrle 
oliozowi itelto in aoawpsotootito inii atoliliiooottto^,. Mioozi^ 
tlNm^it tliot t^ offoot of it In noii««^iiddL9nottlo tln^ 
•nilo n«f to to inoaooiM ^0 .toioamoo l»r ^ tiiat lOf 

to onatio tto oxldo to to mw oiooo to otoi^lowota^ idtlioiit 
ioolas tto oliMiootoiiotloo of tto tSoot 0 Blii§ 
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seftBuret iei£t^ dsUUtticm #f 


17 a3.1«yii '9f mrfstaB %f n iroliiBe ]^x6e«iagr« 


2-»6 ii@iiXB« " At €00^<3t tins t)srid«feAoxi #t tl^ 
'•Alfiya Hi®' ■ «gppi»*i®tittfily 'paxiil^i© •■kt) ^taart^ tilt 


fiiirly fitfiffifi fi'f oxidklii«3ii* ' At '90C^%t tlifi givmmiSL mtMim- 
'» kt' mm Bdt l&lifififiA ky aey fif tlM fiHays Is tk# fisA* 
tfitiiis p£fififi«fi» kilt lAl ig>|»fifij*«A tfi Isestfififi 'gsftisiilly 
As x«t« tfiivfisAfi s llsess xfilatios* At ^mUm fif 

s fififi filffifiritA to fifizy tefi «kfist 5 fks fillw lfi» Is Xk 
tfi S iillfiys liA# Is lk» 0xiAfill<si fit tkfi fiHfiys at 
iOQ^Oc xfifiia.t«4 Is sisiA fiSlAfifi fifisaifitlai fif t»fi m tkifi# 
filsMfifit sesfifilisie XsO^t fiirtkfiXkQNkifi A asA 

Xk^fi^ Clkfi tfifiqpfisfitiiifi ffixsK A Ustastk pkaafi* tka kl|^ 
tMi^yfitsafi ffisK fif Xkj^®| fiss ffissA Is saat fif tk# ^dififi 
ffixsfiA fit wm^^* 


ffirlfi fit fil*^^ Bfifta Is^fitigatifiiui t# si* tk* sflfifits 


fif 1^ fit i^sfifiiil fif fo filfifififttfi fis tkfi iCT s yg fi s i^ptfilifi fif sista. 
fifisiss fit 700^€ mA ^ ioo wmn. ifksy fionfiliiifiA tl^ 
•AAltl^ fif Xk AfifisfifififtA tkfi fislAatIfili irfifiifitfiM^ ittA lAlfiwfiAf 
Is mMiMmt n txfisfilti^ fififis fi Mm mimmm mt kfisirs t» 
l^SjiWKir SRidyi wmiBitSUQf dWQWii w^m fwpi 

slreoslfiiii fit « asek klAkfis tfiiq^fiistfiSSf m Afitfislfi^ 

satiisi Is tkfi fiAkfisfiSfifi fif tkfi fifiii.% 
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Bi fi Zv Xmimy 

4iff!mti«HQ oa tile Beade «i4 m *I1mi |j|t#i*dGM3B Imtiieeii 

J+e. 

sMtid «ad tlie »«ale* Sli «7 Bliseirvet fXBeesie# «f M 

«44itii»t te tliii dxl4«« elbMvfei & Beeei^ Mt ftf m lUspaB^ 

Jjigs «lii«1^ eevdS %e i4Miti£l«4 vitii tiie SJubb mi wmy Immm 
oxi4^ «f Him mlmmem^e^ flto imm tlie 

»«tid/B«eil* i]ft«r£lBe« alNniBt l.lia»s iex* 3^0 iBtd 1l!^«_ Xt vam 
intBZf xttt'Ni4 tlMcl provides IMtttle prottet^lan mA rote 

is eootreiled seefaaasism ^ labieb 1I%0 enrolled 

tite s»te lefts not slssr,^ 

Is t^ir Ijsvest&iptioa sf mi mimmiw^ 

dllsfs (1-^ pel«. Sll) is §tm st t9@ m4. 900^# 
OBsidst m& oUssrtsd sieitslios wm sspii st 

790% ictd slimr it 900%., fit^ sseciliid iMm l»eli&vl(mr %« 
tlii astttse ms md&a^im prii«ot8«^ fli« oxilto snrfsoe st 790% 
ifeoiiid fiisiixii m it» vitli iaiifiisliig tiui 

tmmAmamj mi tawemtim mf m mmi^m ma^Am $ Zr^#. mtm 

t0 



mmm 2 




Zr <• 2*f vl* p«t« ail^sr was e%tiilB«d 
lliii:bli« Atasiia Rtscaxeb Castse^ BMlajr m4. wtm namA la 

tlte pxtfiwil iirr«Hnigatl<»i8p 

§Mm 

CyiiaAer WQreim iemmmUH gsaAa) «as iadl«4 passlat 
m9f aali^torio aaiA aaiallda^ digr eltloKlia and fliiall; 

#tair aseaxita, ^ Ma ma dniad ay a alnilan nat^id* Oaqripa pta 
aaad via pat# , pa»a, _ 

2*.1 .iiMltlnin. giaaanigfeiagjtt 

%«almaa mm naia ^ aattlag aa xaatlaad ailaf iagata 
aitli laaal aan*, ftiistjr laaa xaetaagaiaar aioipiaa aaxa nada la 
total i^ali aaaiad la tMidcaaaa ^aai aar^aaa axaa Caaa faSbla 2)« 

flit .apooinei^ wasa ' dla Idai lata tlmia iwlaffoataa on 
%im aaala of timir anaatfoant 'Oxidation and liani txaarlawBt 
aa giaaa im fa^la |« Oalai^ziaa X# ^31 aanalatad of 

al 4 ^i tlflaaa and aiavaa apaalasaa la aairitair xoapaatiaalf, 
la atatifniad la Vitaia ttea aaaqilaa la aatag^ HI aaxa 
«l @oe^ fan ana l^nr at a fvaaaaia of an# 



t 


tt Oalcfdxy XU 


Valafdarjr X 


m mmimA 


2«« oxidised long 
daxe^sim ef ttae 
Cupto S24$ ate*) 


2&*exldi«ed «l iew 
tmiexetaxee 
(m - d7o«c) 

deeigaaied la lemKB 

atsMxaXe 

(f^rett I to mx) 


1* as xteeivod 


2a«oxidised 

snaXX iiasdod of 
tias 

($ * 240 nts*) 

2¥« oxidised at hi# 

(§54 OSfOe) 

|« desigBueled la 
ilxabio aaaexails 
(firoB i to n> 


f. am^aXed at 
Jtex 1 lar* widox 

mm ]^Xw#8itsii 

of mtmxy» 

Zm oxldisod fsx 
amXI period of 
tiao 

(10.410 ate.) 

2t#exidisod at M# 
teapexat'uxo s 
C5f£i4§«e) 

§ « desiipati^ im oos 
(tern msm to 
oio'm) 


PoXioiiiJig of tlio smXoo «eo deae W tbo osnal. aeoteiip. 
oaX psooodaxo oiqiloyod la aotiO. polisliSag* PoXisaiag of tlto 
samples ia eategoi^es X m& It mm doae s^o 4/& mmwf 
fk9 mm?t99 la oatofesar XXX mm poULSM i^o tlii eeltot 
aiotte Sa idiieb saspoaata of aXiayaa paxiioXea aao m$(i 
tibmmlm* 

flio poiisHod mrntm mm «t^t^ msMirng tHem 
a fsopox tiat iato a aoiation of 4$ p«t» Xaitio 

aeid» 4$ pot* aitxio aold asd 10 pot# %9#»oilii^ele aoidi^ fliia 
atobaat xotealod tPo gs^ l^oimdaxp eioasip end etaliod Idio 
]n»*3^o% l^uio diatlaat^ Oae of ipipooxiao la fXaae of Xi^tie 
aoid did aot aatisfootos^r xas^ta» iflor ototilag» tie 



* 1 ? 


tmmB 9f mre liy tfct uta^i** imA^ie 

mmimg iwi«v mm ^km imlf m kmem^ ^ 

mm iratsli*^ wltli 

2.2 ■ MiM. ^ - 

S^liMKiie ajLagsmis £6v tli* a*! tt|^ «ii pui 

txmla aixe f£f «& Iji Tig. I sad 2 

fh$ xaedxdiiig 8«Bi.4Bisso liaUtw (simlSKetitatd . 

1ta« Sana 2^a« @alaaid#« tISd) km& m BilmtmmiB ■ 

isdiaatiisg md zaeaxdlag daaiaa* St gicf* m em^immim z««axd 
0f vaiglit dHttigwi memseimg iM/%m MpXa m m tatlioa 
af tjUBt m m gxmpk kkXmm liad m mmai^i'fdity #f 

Q.1 m$ (l.«. af # kbmet iiitiBim af l/1d staii^llitir 

&f mg aaad xa^xaisal^iSity at * 0«Q9 
fli« 8f«a aa tlia aliaxt z««i 10 w^». Mmm ta axpMd tk» laaaxO* 
iag Mga fe«t» %atii Imllt isita tM taaavilug %ail«iia. ikaiu 
et«3r tilt satoviav^ p«B t^^^aaHtd m tlitort adgtp m waii0(% #f 
mmmVXf mm SlillMaaiil.* taSut itts cpf&iai av Mavti to 
xoooidLo tm isotzwaat* «oi|^o §»» ims/kf 

otofo km kmm oi^pooitjr of tlio tail«owo« 

100 go tato 0omii»ta3blj Souptr Httfi t^ lOOOtrdljBg st^go#.. flat 
0090 otaitiiit^ mm ftixtr gtod.i 

Tim xtoi^rdtag Mo 0 i 8 « wm mitd to xooooA ooli^ mgmXrn 
iOip tiHi oiMi^oo., fUt ooi^o imld$T |j«^^r6igititai ooo onoponl^d 
imm tlio i^ok tosoott tko soft foo of tko Oato omo 
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alwajr* tiOctti la ■-i'hm mi.W»m 

t^^Bxctaxe mam^ It vmy ^ mtait tliat tha amplaB ia 
aatBfBzr I «•£« ai^BtXy ««sp«aa«a tli»oii#i fXatliHMi wim lioolt# 
Mt tliftt fainase « waa daili«t la ika Wamma^ 

a awmlhXa wtm ampl^aA Iba? imxaiag tim la 

eat«fi®aiae n «aA HI v^iali* la taiSf mm aiq|ifext#a m a 
fXallaaa Imp ta tla flatlaua viaa aaaaaetlag tbt paa 

»aa babkaS^ f la ' fitsai^a aimaleta# af tba ala&lag at a 
aiakaoMi niia aptm a ^ «a» gllilaaiilta »ifaaiit 0 Z 7 taba«.. flai 
otavall xaaiataaa*' at tlia aiailag «aa aiaaai $3 flia 
taapaaatasa la tlia mttam mm at tka l^aeaaia wm ^aitaaXXaft 
aitlila * 2^3 altk tlia liaXp at a t«i^[^mtaxa aaatxeXlaa aa 
aikam la fig« 1« fba laairli^ tab# aaiia af taavla aaa aaimaetaA 
ta tba biXaaaa tHaagli a baaaa tlmm* 'fMeiai^» . ta aaftaa 
to f xotoat tilt httkmma ftoa boat of tlio tmaam^ tlia Haaga 
mm 'Oaalad tf aiaaaXatlag aatav tliioi^ aappait - 

I taXitaalaa OtzaaaX iXmal tbanoaoi^a liui aaat to 
ira^xA tka t^paxatata of tlia taaai^^: fka laaotiw at tba 
tkaaaeaaiqpXa ma liaft aa ^aa aa paaaltiLa to tlia apaalami .la 
aa9.a» to xaaax<& ita ta^^axataxa aa aaaatala aa paaaltiate 

Bi a lX tta xttiia*. wjataa waa awaaiaKNtg to a oiaaaiixa 
Maw IgT^ ]ai« wttb tka liaXp of a aaalMiatl. ptaa baJBawa It 
warn fOlal wltt tarn oaiilaliMs Mlaai at ana ataappliaxa^ flM 
amam waa maammt witt tka Mp of a tMsaoaaMt 
fxaaaavaa la mtXHma^m mma ana atii» amt 



chamber 



REACTION CHAMBER & WEIGHT RECORDING UNITS 






t0 


mm mmm€ mth %%» df m mmumy 

wummrnw CHf* t)^ ' 

'B«£»'x« •itttirikig' “tm z««rlio]i 'tlie gta umi 

AiRi«4 Ilf it pass tlnsai^ gmrntwaJm mmrnMiMg 

af ta^iaint' aBwn^xs s^'f mn&. 10 (Vif* 2} i^iaB 
«^ai»«A aelA &elmti^» ixf iMieiaii ^airida 

«Bj& asaiixita xeapaatiiralf. ' 

OseiAatiaii snas •ititax' in aix> ar moFsm at a i^ailliaA 
tai^axmtiopt mm mm* aftav ataaaalliig tlia ufatan aad i»£t3X» 
iBC it vltB 4««ixad gm* mm wm tmm tm&mimg ta 
Mlavisf fiweaiasa* fla Ba3.«^ mm taatad ita ami* 
tititf aad aailtixatai aeaaidifig ta tit* laatxttstiaai aappiM 
Bf til* iMiaiiiaistaxftis* ill? ia tli* x«a*ti*a mmSmrn mm 
x*]^La**d *ltB«» % mygm m 4bef «lir« ^%i® «** m 
t&llmm Cttltar t* M>» lilt]i tB« »l«9 **^ *ia*«t« 
*s«*pt Sn mt iAii*li mm *f*a« tli* i^rataa mm «*a*iMtai 
t# afpxaieliial^ 10-"^ a®, fit* agralaa wm a*t#*fe*« fmm tlm 
mm^ ^ *t^ ®a*lc @g*' fB* fM tli«ii *«t«i!*A tBa 

afat«R la^*t i altli tM ittap '*€>^ Sjl *9«a#. mm 

mm *21«ir*i t* Ifft la tirlil i«v*i* &t aoxeasf la tatB tia 
ila^ *f tk* siiiiiia*t*ir a*** m* ttmi §M$mm$»t£ tBat tli* 
l^muiax* *f tN W ia tli* «f«t*tt an* at 1 ateai & *aa* *f 
xama talnm nith «xfc*% liila px*«wi *f *va««Mtim aad x*fiiX» 
lae ailii m^gm «** x«f«at«d tte«M tla** la *iA*a t* ttiae* 



GAS T R A I N ( S c h em at i c ) 


"fell# Affe#F tfeiis* #!.*•#% 

«l #f««ifi#4l -IfBiitxmtiize «## mi&9& vltli tli# li#3.p &t m mmw 
$mk t# # loMi #f tim imems* is dii#ip to- kmp thB siN^t 
is ssiisss iti^ssfeiuett. "feespvzscfess# sm vlililaii tli# 

£#»«#« «xl#siid #v«s fB«# 0 s #«iitls«t#xs Is isiiglb, nm 
iMon mm kim rneomm pv* m Aflss^"^# fssw 

s«#« fi^stalslsg til# 'Stffiii# mm ##t it f# 9 itlss« fli# 

evbpwqwmt «9l^t«C#is esrf# wm reeoxded «i tli# «fatxt» 

stx# i»«#sM teist tli# ssss* 

#s# #f MiapiMy Tis^f s#i^# 2, warn tatemmp^ 

t#ft tMs# sfe istixiriiis t# %« mstis^ Plammkmm ississ tlw 
##«### 9f it# ssiisti^ Ift# fssss## im# zeii##eA tssm tfet# 
iSNMrtiiRa #^#ts1Nis ssi. tli# ###^1# aChXmmA t# ###1. t# mm t#»M. 
S#smtsx«»; fli# vitte thi# smi^# iras# wmMm t# 

#^#ss9# tlMi tiiSet #f tlsansi s^ellsg* 2t ag^ %« aestiisMNI 
li#s# tlist tb# ifiBtpl.# 5 Is s ##t#goz7 Xlf as& t^ i##^^# #s#f 
fit# «Bi #i#f«ii Is o«t#gozy III s#s# set sii^|tt#t«i te exiis-' 
ties stts# Init «#x»» ItmtsSt Is et%#s tff## #f mhsmis#* 
S4sit# iX#i^it& tlw etlier. 

aC' Hat tuMgilaa 

J^setiisi p^Sit# ii#xe •xsaUMit IMtiiiegsil^t X^Si;^ 
«ssl3r«i# «n& lliese&ssdm# a#s#iis«sisl#» 
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Aosoolisg psoooAsxo 8i«otiosoA iitooo* fooAoxe of |Sio oHof 
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ft dianaad aiu^ad (xtatfaliainal) imtafaf Ian af mtaia ilft* 
stale Imd am apptadtala mlafta &f 1 fa t» fUa lead af 
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tswisitiosa soy he altsilstot to i^iM oxtont to. t^ isoxeasoi 
tSii^Ksoso of tls amiie li^ox*, is soggestoA l»|r Xofistait s 
foailliill'^ ixisti tSe poxoss oooios -^at tlio gos diffiw 
sios tSxoiii^ tSo poxos soy ploy a solo* Is xoaoti«si Idsotios* 
fhiM siy load to a pxol^sigod o siiatlos is me mm* 

It is ehaimm fmm the woi^IttMgais «is»iis (fig*|«.5) 
tliidi sitit tsoxoasisg ton^Mrlsxo the tise to Isitiol txassii* 
ties .Is tho klsotios ^^oroases* is m m%i6mme to it* ltg*$ 
shoso that fos iii^lo tos nMoh mm mMiami ot €11% tm 
isitiia txwisitios ooetixxod at oxosid 120 sis* id^xoos fox 
the erne of Somlo sis whieh was oaeiiisoi at 75®% this tisi 
is at 0 sist 
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l» tttSty app^ajMBace Qt stoieliicdwtsl® niiit* exit* 
vitli tlie «8toeiftte& pf it to 

sneli 4o«x®aw la taasoBltie® tiat with taa laexaasSag twijMi- 
xataa® '% 

w«i#it»gaia «icr9«8 also abaw vitli laavtavlai 
taapvaatitxft tli« aantw of ayolva tlia me tbielciiees of 
'. iKttlie . foanti ieeiimee* ft^a8 imiple. ?II elilek we 0xidjyHi& 
■mt 4t0^6 eiieve lew atniw of eye^te vim eewaxe# vitli ian- 
ple tt an&yi vliieli vexe ^eWilsW et end 910^0 xoepee* 

titea^f (eee Hft $)« 

VW feet ttel wddetlw ef imae sixeeiilvn Wea mt 
'ieed to wevxxeaee ef musk tzvnaltloa eyeiea IWieetee tbat 
exidea 'ef aielilw ^ exe ^ xeapwel3»l« eaeb eliwirvetlw vith 
.tit teee.ef pxeetat elleyw fliia tie apptaxaiite ef m Xssmx 
aiWttv ef .txeaeltiea tytiea vitl laexeeelag ttwexetwre ear 
le'eaweletet vitli eesie eWiflwtieii ef aSellvai exiW tWiaf 
pleee me ttwexetvxe iaexe-«aee#" 

9«4 

10ie difiestat llJietiea ef exHatiw ieedlas te vexie-* 
tiea la vUvea ef a la tfoitiea •* 'kt ee alawi la fsktM 4 
Wjr It mailed te dUiWtat atebaaiaffit. 

fit lev teweaatvze exldetiea etaa^ aede at f?i mA 
§m illicit XU tad XT xeaptetlteiy aivpeaiMi te iadteate 
tlwl leiasitlalt xalt Xav is elwed for avelt lev 
oxliatiiai* fit aeWtaiaa ef tile eaidatioB IWatlear la aet 


oXtarii' imderstood, Hg, 7i idsleli giws ststtl^ lijsts iili«ii 
v .is p|. 9 tt«d ixt t Ibir Sei^6 HI mi, 17^ sppwrm %o 

i^g«8t oxidmtien kiMetiee th^m ««bs>3.«8 oI»« 7« tlw 
« » k lUa t 4' «« Ibis •^melicrn iniitatts dijreel! 
lofaritliBtia aaiidatloa* m iimet Im af 

a3cidafei<»i mm AexHmH hf let'l la 1f4@ aasmtiig elaetron 
iiiaii«l.iaf tim tMa md^ £13^ t& k<i t1s» arida dataxii- 

alaiitg 8liai> af QXld4i:lidii, 

Taints «f & gifan la f akla 4 idmar 4kal ifd^ a tkiak 
azida fUa tiaa f^xnad* a paza!Nlia sale laa aitli a « t failaav* 
fka af asarg^ laita tlisaai^ IMraa^ialaa la iMiala 

aaaaa ta ka aata dataiaitetag a Taf at azidaliaa aaaazdiag ta 
ligaar*a aaattaaiaBu lait alaa ditfaaa tbxaaidi axida at 

aiakiaB av^^aad da ka fxas^t la tka aeala* 

A aiiglit irfiall£ai tXaa a ■ t Xlatad la faa^la 4 ka 
aaaauAtad tax tlia ekaaga la at tlie aanstitiMata 

at tliia f^at i^utat aa its mxkfammi, fkia la la a gg a ipaitt - aitli 
tW l^fatkaaia fz^aad kgr aalalOliatkr and liaaaaa^^ aaaazilag 
ta wliiali aHat ««a aapaetad ta aaldiaa «roatl|r la fat* 
‘faztimi ta't* % at aaaataat taapazataatt 'I^Niaaaa llta aaadiflaa 
Tliat at tl» §21^ laaaiiataly adjaaaat 4a " 

m§ 3 L 9 mmiM6 wita tiaa is aal Xlie^ ta kalA la 

Tiaa at tka AitliMM^s la tlia i^ta- at axAisElim at tlia aaa* 
paaaat ^aati^ ai^ la tfca ajE^gaa ftaasnxas at l^a aKHaasu, 
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ffei® tmam to be eo*»iet irtiiii tbe flssrfc eta^s of o^KliUitioaa 
axe ooi^Maxei. iiftex smm time iritat otati«»waey Ofttllllbxl'HB 
i» eatabllabe^* tbe 'e€«««iit3raEtl.e«i at tb# aH^/oaclfte late*^ 
face mg' nuntaliy be ttkm to be eoastaesti? 

fbe s^obattlan f xopiaeS fox paxi^lie oxtaattoii pm^ 
Sima ptaaenae of pxp«m vaoaaiolea la tba aeaia* fbe llta^ 
xaluxei boaeirexi xeeeal .0 tbat tM emat aataxe of da^eta 
ia aot ImoitB* fblla Sbg&| ia oeoai^jr aoeeptei to eoaalat 
of oagritti iraomeiaay tbexe a3?« abvd^a about tba tfiw of 
tofaota in trOg aealo*' . fbe pzoa^oe of O*4af»ota bad ba^ 
aooaptet mailer lataatigstoaoi idiiOb loelodo dbixii^a and 
fbonaat^ Boxte at al«^^' and boi^pLaiHif*^ 

Obixifoa and fboa^^^ oosiflxeiad dlffboiifli of CKloaa 
tbxoodb OwXaoaaeioa bp waxior ea^xlanat* fbia wm in agzae* 
aaimt vitb tba ol^axvaitifjn of loxta ot aOL*^^ that tbe OmblU; 
smto |jar fOx ozMatiott of sixoaoim oao Indafondaot of fxoo* 
aiixa« A- fOxtbax etridenee aibool tbo ameobanlaBi of mcldatfon 
goxomod ^ iMUffBoioo la tbe paxaboiio xaa^ la obMao*^ 
tjated bp tbe foot ^t tbe ooiiifi of a^ixielton aaetigr fax 
paxibOlie O3d.datioa la tbe pxe^mt laxooUmtiM W*$ 
boaX^X) ie la agteaMott vitb tbo aotffacliatt eaovgr bf 
95 km3t/meau$ ob^ilaod Baeglai^^'^ fax MlttmAm la Mg# 
fxeai tbiOy mm mmt owlaio that cMiffbaieii la Ibe xato 
ooataoIXIaf ot^ of oxiiatl4m» 

fbo aaoboaiiii baood oa Owfaicoaoiea la frOg bas beta 
idoptod to aoeowit fax tbo i»xiatioa la oxidati^ babatloox 
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o'bserfftS la aia and @xysm aedia la psaaeat 

fk« 0 itt 09 t 0 £ mix m& ea^gm will ^ tsiceii la emtim 5»5« 

B» 3 » it swMSt %« polatwdi met that wbUe tl» iavwwtigaticois wf 

Chirigafl aai fhemmst f®rl« «t al, and Bei««^a«8 

abwww Iwittiiy tiHi pseme# ®f (Mtefiaits la tfaw zirooaia 

t!i«at |a 801 irnmmimg apt*»aA to liolt a filffoaOBt 
oplalaa i3&owt tlia dtafast tfpai,v#et ®t mk,^^ ia a wti^y ©f 
oleetaleal oaadiietiwlty of SrOg wmSUt m a fwootloa of ecsyfta 
pxwaaiaeo at 990^0 a alaUaai at litoiil i»A« ojysaat 

ifttgjgagtiitff a tawoBitioii fxm a to p type oonda^iflty# At fcli^ 
oxygaa pafe’oaaa® oiiah aa 1 ata** #tp«ai«iieo of oloetaioal 
eoataotiwity wltto pataoa** -P0,V5) was latoapwtted 

ia texaa waoiaoloa^ 

tidblo 4 iiiowo taiae of a la otaitloa ‘i* kt to ^ 
aoaal to It l.o<it liaoaa tate laWf •* *W toaporatarea oooa»* 
ataeo of wliloa aioo Oof^a oa olipaodl tlao of oalMioa* 

Pliawi 'Ooiaidasy aoaotioa ai oatO t^all ay latosffOoo appeoao to 
eontrol tl» xoaotioe* Ifeio woalt o^wr iteoa ^ ooalo 

Oooo aot offiia tay tooiottaoe 4i*oot pmwago of oayi®® 
tkxoa# It^^ fke ^tae komiaiy aoaotieo %hm aigr ko ooatiolloA 
%W oltkftip iMBiooiptioa tia latoarfaoo oa laoospoiall^ of 
O^atoMi.^ la tOio miek kOGaaoe of ai#i pio««a»o of tko lao 
iKioO a it«%) tl» fOioowe piMiooe |o aalllcely to oartsol tfco 
zoaotioa^ laoeapotatlaa of (MKt» o«ai thm Ot tkood^ to Oo 
sate oontxOlilag* 

UtkoOili pooeiaift aeokaaloao loadlag to loipritaalOf 
vkAVKliolie Mid lliioa:r oxIdatiGoi h«m %eeB oolatod ©at iliowt. 
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It is wsll k&oiat tltat foae ms astal &t sdloy^ in gm^rtiHf 
only tl» ■tebsKlffli fs&jp pmteStQllc ssdSatios es® Ihi thm^ 
t© h% well mdesst^d* J&t signiftcaat dewistlos® tmm 
a •• 2|( tlie aseli«Bisa is Siffieiiit to pasSiet teem mat paw- 
seat ikaowledgs tUbm^ tHe pxmmeea mmxximg daalag 
tlm et astsls meSL ill@ys» ' . 

fli© ©esiiaaease of tasasitioa ^eiao ©1»soa9»A ia tla 
vei^ gala eaates {me tig* 5*5) eaio %e aasoolstod witli 
iatesDittsfat fsisatiea of emeHm la tlaa ooiiio' ©ffi.aiag law 
aosistaaeo to passage of gas tlixoagli it* fbs oaase loatiag 
to smk foxaatioa sad tlis zesaltii^ oliaw la Mastiss will 
INi tudBsa' ia aose dstails ia *gooeral iisoawiioa** If 
foxiBotiim of iatssaittoat emrnkm im amptod as a osaas afoa 
tasasitioa oyoles, it eaa %e azgasd on tlio liasis of mat 
o%ssiwati^ sboviag sliasp iaozsase la ^ wolgiit gala at 
tsaasitie® as a xosiilt of eaaok fbamtioii ‘^st tlie sasaks ass 
mem diffisoit to aaoleato tiiaa to pxopagalo^ tills kasis 
it is iaplled txm tlie ee cari a as o of oyelio kekayioer tliat 
tlie oaadis aae aot eet^iaaeiuily aaaoleatiag nAiifdi soald 
othexwise lead to a poasisteat llaoaa law aflea tlie laitial 
pxotootite keliatioar* Tliis oj^gweat is kasod m a pxoposal 
of 'Waaklia^^ to eaplala tlie liaear sate tem 

%S iHlgl, 

iMSmtim weam mm foaaided oat la aJla and la oxygoat 
awd tia so«id.t8 of tkoia laeeimreaeate afo saasarised la f akle 5 
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in I^, 5«»10* 'WweA it is STlSsiit tlsis^ 

tlie sziastioii Mimlmst ©f tit 11107 tie »m$ t0*i>ti»t«3et 
tod fwissttj?© it iijtftjstiat la -tia mtl la os^g^as* It is eltwp 
tmm SiOkle 5 isii fig,- 4^,5 tliat 

(a.) tit laltitl wHgit gaia 1» iighta jfita oxidatifai 
la t!ie ala tlaa 3fea oacidatiQ!i la laiae oi^gta. 

Cl) tin aiffiistatt la iftigiit gala la ISit IMtlal atagtt 
letveta the 'two emts of oxidati<ai|i i«t* la ala tad la caorgea* 
dtoatjnits altii Imxoaslag tai^amlaxo* 

(e) tit iaitiai oaddaticm mtt la ala i^inasni to m 
faatlolle tlitztaa la twit of oianta it it a^paowillaf to a 
llatta law, at la^loatod Hoa wHatt of a gltta la Ttillt 5# 

(d) ma dxidatlcti Ityoad laltlal ttagwi^ tie itatiita 
klaatlOEt. It xatlta dlffltait to otstpaart tin tuo ntdla* 
flla wiy It pxoloMj dot t© oitBpitaititt latoiind olti dlffia. 
apwait indlUtatltat of <wllMn of altliiai tad tltiv iattsaattltaa 
oitli otlir oaddts* 

Tit lli^a laltlal wtl#t gala olttirfed tit ta«t 
Of air aajr lo dot to aUttltati^ua S^atm la tlo oaldo 
Mg xesaltiag la m&mm» la mr§m im 'iaamtloa^ flit 
latxoatt la tmaaor ooaotatxatloa «m iaosMo tit wt^gta 

% diffatloa Itadlag to paaninile laow. Han tilt 
lOiHt la air mm tea wi^tt tlat ozldatlan of tin alloy 
ia laaeo i^ygta Hoald alto fallow pt3nl<aie mto* lot It 
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fame 5 

Oottpaxrison of Baltlal Klaotlos t&r OadA&tios Sa 
41if loia im (bqrges 
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io iBflotiol4it«a% wllili tlio |)xos«ot oitBoxi^tioass ao polatod ovrfc 
iB Ce)«t It 1» iiossil^Iti tiMtl fojr o-foty amd.! portod of tl»Ot 
apfxoa^atoly oao sia« ob so» oxldatioKi la oxygwa ^llow 
pandiolie xato, iMit aooa aftor a tuasttloa to llatoar x«l« 
0000104 , fliia MQf %o poaolbly dao to Immv plaatioity awi 
aoooaqpHHSioS doozoaoo In pxotootiimooo of tl» aoi^o 
Is oaK 3 rg«B d tlio taopoxatazoo mSmm o<ai8iaazdioa» Soie plaa«» 
tioity is oftffis aooooialod altli a mwlm afeiioli la aaio mm^ 
otoiolilmtiio* It aai^zto tho pzodiotiaa tliat tia ooala 
fOziwd i» ail iM mm plaatlo dii^ la adooiatod altli laoieoaaeA 
0«.ia««iO|r dofMta duo to iBOoipoxatioa of aitiog«ii a^»a# 
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file ebserratioa tliat the dijCSireace in ml0%% gain 
in the initial atagee between the two eaaee ef exldaticait 
l.e«« In aix a»6 in exygen deeneasee with inezeaaing testfe^ 
aswtnne of oaidatlon w&y he attrltmted to a iHwiaihle Snoweme 
In the jjeaotiwity of aitxog^ with alexins* fhe proeene of 
niohina sreaetiag with nitnogen appeax» to he moxe fayoured 

'Vtv' 

than the dieeolwtiim of Mm^mm eixeonla eoalo with Inoxwas- 
ing tewpexatnxe* If it so ooonwst the oneess Waesneies ozealei. 
hy suhstantlal dlssoXntloii of nitxogm present in air wrill he 
deereased leading to a o^i^asatiwoly lower weig^ gain lesalt. 
ing in dedrease of tlw diffozenee In the weii^t gainSf far 
the two eases with iaoseasiiig tenpexatnxe. this wiew ef 
Inersased xeaetiwity of nitrogim with niohiaa with inereasing 
tenpexatnre may he 'snpported hy tlsa woitc of ilhreeht and 
Oooda.^^ fhoy ohserfod that helow 1000 ^ 0 ^ Ih^ IhS were 
paodneed idieveas at still higher temperatares rsaetion 
prodaees oely hhS* liohiaa fosam a nvnher ef diflhroet nitri-* 
dse whereas sireoniB&i fonts ^ly one nitridsy wiB«« ZrSw this 
'nay Indioste that the reaotiwity ef nitrogm is aore for 
niohim than for slzeoniini* fo this it may he aided that 
!ih«4l ^stsa is eeaeplox* k jEBsall addition of 0 and 0* as anggeatel 
hy leitoni^^ aay lead to a nmhor of mm phaata^ this a^ 

it wm not posalhle to dotaet tho prssenoo of 
nitrides of niohiwa in m-my mlysia« Ivm it la f»»iodt ita 
ataonst 'woeild haifo hoen wary leas for idantifieatioa.; It aay 
ha pointed oat that Sohonhorg^'^ mk xooeatly dnard ot al«^^ 
imm& fmmma of fito phases for IhH systems idiieh pexhmps 
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supiJoirtB of oiobiim with nltmgm^ 

fims iilia’I %io0 bo«a eald apooMna to aooooat f&x 
dooroauiiiig diffaxonoe Sn wal^iit gain islth inoxtaei&g t«B- 
pex^toxe of oxidation. Bonofoxt amolt oorapariaoit is iriLliA 
<jnX:f for initial atagee oi oxidatioai. Baa to aided ooB^li* 
oationa in tba later atagea no b$xi 0 m explaBatloii eaa l^e giren. 

3#i Efifeet of History of tbe SaiBp^ee i 

izmealei a&d micoanealed aiKplas warn mtpX&smi. to 
o^aerfs of feet of mmBstkiag on oxldaticai teliarioar. Saq^Iea 
ia category 2 vert vaaEtmei^ed v^reas tlioee ia oategtiry 3 
vert aanealed at 600^0 Mr 1 Itr* oader a prewraxe Jof im. 

lit* 5 gitea idiot of tlte veiiirt-ipia earves IB&v ai^aled 
eaiq?leS| aad Itg. 4 ttuit l^r laienoeaied aaes* ft appears fTota 
t^e carve s ttiat gain is mmllme for tlie tooiealed sables 

ttiaiii ttiat for tlie vaaiiBealed Siaiple»« It aeaai to %e auisoeialal 
vitE th% eoars^ees of t^ aio1ilvm-ri^ ptow o^^served fmm 
iMtallogfapMo olNiervatioost and vill %e tideen In-nere' details 
ia general discassioiis* »• 

%7 ilglgl«E> 

fie Irrl^iiiis ^ot for liotl tie xesiglts la air aai 
oiqrges is girea ia llg» ld» It is ^esr imm tie figase tlat 
tie sstiveti^ eaergy is mow la loti Ho easos* fins eae 
expoets tlat xeastioa aeelaxiisa la loti oases of reaDtioa ia 
air as os la oxygen ossentisily ranalns tie saaoir 
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Tlie taergy for paraltoXie oaddatlcai tias 

1 » 0 €ia caXoaXatoS oad Is fom^ to 'ba 37* 5 kcal/aiolo ta t1» 
pxoseat ca8«, ffcis agrots aoll witb tbe reported TaOLae of 
36 koal/oole ia It may fee eoae^tladofl 

tfeat la par«A>oltG oxMatioa of !Srw2«3 wt, pot. Bfe aSiloy 
tfee eame meofeioilam of oxidatioa m for tfee eaoe of pare 
sirofmlma operatoo, rio., diffmlm of oxygea iiatB tferoa# 
O^raoeacleo ia tlie ojclio* 

tig* 10 ii^ieatoo tliat for llaoar oriialifai a eliaitgo 
ia aotitatioa «eiorgy oooars at mmA 670^. Belov alioro 
tile aotiratloEi eae^gy, im» Ifewd to fee 15*9 aad 39*7 
keal/aolo roopootiroly. It is tlffieiat to aoooaat for tiiooe 
aetiratioB. oaorgiee la t^ llaear raage im to iaok of oar 
kaoidodgo afeoat tlie proeosaoa oooarriag ftariai leaotKm* Im 
the lower teo^ratare raage tfee oltoerved aetiratioa oaorgy 
of 15*9 ipee^BMOle ma|r profee^ily fee 3a« to pfeaoe feooiMUury roaitloa 
aa tfee coatrolliag atep loadiiN^ to osygoa dioaolatloa* ffeda 
ralao ie olooe to aotiratioa of 90 feoalAtelo for llMor 

oxldatioa of alofeiae la tfee raago idsore Q to ladepead<«tt of 
preaoare.’^^ 

flio otfeor talao of 39»;7 feool/Siolo oorreapoeidSag to 
twi^xatare dfeote 673^ say he aoaooialod vitfe tfe# pfeaoo 
feoaadaxy roaetioii m o^xoUlag atop after n^taro of the 
iaitial oxiio ooaHa ffeo raptaze of tfee ooale oooaro after 
oerlaia otrtiMt hm feailt ap^, 
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Ctee m&xe aspect say he oentioiied ^xe about tbs 
actlTatioB eaergiea corceB|K»idiBg t© Xiuaar Iciaetiae* Tbe 
mecbaiilss f©» tba linear law cm he esi^ectad to ©bay that 
proposed by SbiXiob^a aodal,^^ Jloeoirding to this, a gn^undL 
daoraasa in aotiwation mevgy should ba expeeted with in. 
oicaasing tai^aratiixa* Whila snob a tafflparatnxe dapandanea 
has ba«a observa4 with llneiir growth of pxaaant 

wo2^ €0^ not sawaal any 'snoh daaraasa in Q nlth t^[»aratnre 
apt© 870*^0 » Bovaatr, it my ba aa^asised that tha pzaaanaa 
of nioblna In tha allay my oanm nnpradiatilila ehangaa, tha 
intaxpxataticm of ahieh ea© not ba aaslly mada« 

fha aatiiration anargias amaiatad with other mta 
laem In this inwastigation carraapMading to other n mlnoa 
given' in faibla 4 cm not ba easily related to proeeseae eemaesr^ 
ing during tha rt nation baaanea na^anlem for sneh proaasean 
are not wall nnderetood^i fke 'vedme of aettwation anargiaa 
of ©nidation far tha allay obeying n^a^parab^io rata laae 
are not atnilaibla in litaratnra, hanoa a oonparlson eah wmt 
he nada* 

Jt nay ba pointed ©nt hare that 'the high aetlvatiim 
'mex$j mhem in tha literatnxe ter anygan Sise^ntian In ai»^ 
aoniini natalf tie,, aroisid 51 hetO/mXc siiigietB that waiibt 
gaSn dna ta o^aolsbility wonld ha wme and mxe signifieant 
with inereaaing tai^aratme of ^dation* 
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1* foanslloii of litito 
oxiAt m oaf* 

2« oooolli (bo mmaum} 
oaclAtx oaxl^HOO 
Sa^pXo mt 

II 

Ulito oxlio 
aarf aoo witli 

tiiago 


teooite oiix:^ioot»fln^Xo 
Bol Irwildloi 

IXX 
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aitxfaeo 

eaallx 

dotaelsablo 

ittoo'lli oxrfaoot oxmilo 
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oasUir 

amotli OBxfoooi ooBplo 
BOt %«^«A 

fl 

FOXipllOl!! 
tiisati liiitOt 
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oxiio on loiootli Bitrfs»oo» BiaipXo 

pexlpliexf not ^aokioA 

sexo i^lioxoiit 
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TII 

CcxB^lete 

incite 

aiudCbae 

bazdy aabexeBt 
aeal# 

#BO0tb sarfB##, saii^le 
But bigyeldedy idiit# 
axidft 3.«3P#r £#ar mm 
tbiebar tban tb« iimer 
blask layer 

¥TII 

’A* «< 

aiottled 

sarfae# 



1 

g»y 


marfme^ 
not baoided 

2 

0<mpXete at) it# 


8M##tb aturlBae, saffipl# 
abit# Immw fir mm 
tbieker tbaa tb# in&er 
blt^k 

4 

iptey 


woetb siirf##«| acoiple 
not bnekiad abite dcila 
fbanwiifm on aay 

5 

gmj 

blaeit oxld# 
Ilssbt mm 

atiSb#3*#Bt ttiioi 
y^it# li^r 

snootb anrlkoet aanple 
not bneklad 

6 

m bia#k 
surikee 


onof^tb atarfbeoy ample 
not bn^«ft 

7 

ME»ttl#4 8iirfa#« 


mootb aiirfia##t anayle 

iHit baokli^t i0iit# mii# 
ibxnatlen pzefixxed m 
p#ripb«ral 

0 

maek 


mm0th »wp£m»f 
not b«i#id#49 oxii# laym 
£ezn#d la eampBme^lmlj 
aery tbln 

f 

C#apX#t# iltit# 


enootb mmi!m« ea^oept 
peripbezy aliftjre mm 

. JHk^aa mm — ■-»-— ‘ jmub. J8F jiia. 

QSi^Ui 

net bwmed 


to 

It Oonplate i^it« saeotb Bwetmse^ aanple 

Bot baelcflad 


12 


ftBtoath s»rfaee» aasple 




m^laiie 
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fable 6 

eoiitd» « • 



13 

ill white 


si23^ce mot aeiootlt 
(esitela wlelble), 
seanple not hwsldLet 

14 

jaUi^lte 


lot of imrf«ee oreoko 
wlelblet Sfeeple bwelded 

19 

Ihite e^tgee, 

iatejflor gxey 


eai^le Inaskleft 

two 



Semple hwBkloS« sad 
tamed brittle 

tlixee 

ill ehite 

1^ aSiieaexioe 
of the oxide 

oxide i|ifeexed to 
fleke off 

fOOJP 



eesple hwOkledf beta not 
taxi^ Mittle (remeias 
eleuetlo) 

eix 

ill»white 


ample eleotloally baokli 

eewta 

• i#!t 

meek 

Hitte near . Meek poxtl. 
edgee, iaterloxf aaeiea to 
bieek ieeeale 

eraooth earfeee, eai^le 
i»ot baekled 

oaootli earfete, eeaple 
aot lmilid.ed 

siae 

gmy 


eeeple eleetieeilj 
bmifled 

tea 

vliite oa 

940m* 

iatexioa 

a^tleS 


naootli eexfoee* '8«egd.e 
aot b«cdcledt 'ooeezec* 
of the saxff^e with 
idiite mide iiipxoaeliiiig 
eottpletioii 


Tim oziit fijUBi ia tli# laitlad etagfts «bji M«ek 

i& ealear* lti:l if saffleieat tim iwi aUwiaS m 

%9msmT9^wm «f laciftati^mt af viiits mxLim mm atisaxu 
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grtw with tiB 0 sad wiftutually dowered th® whoX® surfhoe. 

She phot®g£mph fhr the oaidlwed Sample 7 indieetee 
that fhznation of ihlte (steiehli^Bieti^e) aijfcisila aeaXe 
started lit g^meraX <m the edges ef the saapXes* 

Amemnee of the tilmt 

Uariag ati!i{ipiag the sohstxate tmm its oadlde layer, 
•relatlire* degsee of ai^exeaoe of the latter was earelhllsr 
ttoted« fhe results art shown in fahle $. Qhserraticma m 
Sanple IT tfid T whioh were oxidised at a»d 494^ xespeo- 
titelj oaggest that the low tenperatnxe BOBi*stolohlwBiet3d.o 
siremiiini oxide (hlask ia appearaaee) was easilj detaehahle* 
Ihen a lajer of idiite ixide has hean foxwad, the hlaok oxide 
appears to tw wore adherent than the White oxide as oheerwed 
for Sanple eight whieh wm oridised at 74d^C* Similar ohaaixw 
Wat ion was made teit Smple 5 whioh wwa oxidimMl at 
Saaplo three whioh was oxidised at 814% and ^xmed idiite 
sarfaoe after ocidation ahowed apadlisf ef the exlfte* f he 
exide on periphery ef the sample appeared to he In general 
more addherwnt them that in the Interior* 4a «aher«at exyie 
m the periphery whieh was for^ on the periphery of the 
Saaple 1 is shown in fhotogxwph 

fho waiylag doiree of adhere]^ of t^ oxide 
to hear a relation with its tendeney to eraek, thesehy affhet^ 
ia« the klnetlos of oxidation* lore adhorei^e of tho oxide 
ohserfed on the poriphery possihly leads to initiate the fozw 
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4*2 MaeaiogjgaishB i 

i^ow wiexoimplis of s^go of tiio 

0 ai!i|>l«» at a sagaifleatloa b©ti»e« lo m€ If, tl»»« saaiea* 
gxaplie xapxooexit tlia following ol^^xwatlozts - 

(a) Ka03?og3Mpli8 ' aod sfeow typtaal gsgaisia 
rertaltd of tlie itofeod aaaplea prioar to osidalliKi* 

(h) lacro^ph indioattts tliat wlito wlilt® oKidt 
fdzwatlon took plaoo* a layer of iaaor klaok flla keaaalli 
the wkito layar was okeorv^ strippiag: a pari of tka 
sokotxato of tlio oaeido« . 

(ft) Kaosogzapb el^va of osaiika ofor tiNi 

oxldo aairfaoo* w«i» okoarvod witk a iow of tlw oxldietd 

paiKplaO;* Cxaoka taadad to ooaaaatxato on tka edgaa, 

(d) Maarogia^ If okowa a opaolwaa m&rfym witli ecmu. 
plataly Maok oxide, lliita oxida foisnatioii laa aot yat oeoaxxad, 
Miero^pk dapiata tka aarfaoa of a mpmiMm cosipletaly 
oovaiad witli wbita oxlio, HaorogTapli 1^ xt^xaoaato tlia fam* 
'Xation of aottlad oxida m tlia aarflstaa, 

Ca) Maorogxapb sliowa tka flrat appaasasoa of idiita 
oxida mm adgaa af tit aaxplaa, 

it) fit awpfatt of a apeeiaan ia^Hod afl«e eoddalloa 
Is aidasi in liioxodfapi li|*, 

Ona say aapaat tl^ if tiaxa la any pzafiaraotial oxl* 
datioa oa tia gimia ioi^asdae doaodHstf tia aidiatxata may 







Ml CSa^^^2~) 


^i 7 /^z_ '' ^ )tA*- j^euMijU*^ ayeCclditi^ 

X^'fcn 4 ^ Xy,jirit^£, ^^cuMei 


*^j z) 




^ ;t;<^ 

ruf$U^ cA^ix.-tJtU any XKm^ ofL^J^ 


i^-tvriM^ CAy^ 

sL ■ 





m^eal memmtng of tbe l>oimdart«8* A eo*i>arisosi of 
liaerogstplis #f Si®pi« 2 (m^ mi 1^> or of Bmpl 9 m ami 
Mg) I hmamTf Iwfllloftt®© tbat I 31 tlHi parooeat taireotlgotioi! 
ao oaeli eoarataiag of tlie ga&ia bomiairiOii mm vaamaCkei, 2li 
tha proteat iavestigatioiui.t it aay to otmoit^od fro* tliote 
olitorratioas that tli® gaaia laoaadary laaotioa a®» iatlgai- 
fioaot* 

file appearaaoe of ▼ItiMo esaakt oa ^xide tazfooea wltM 
toiao of tlie oziiiaod totplet al|^ %• a xaaalt of tMoaaial 
oooliag tmm tampara^mm of oxliatiiai, ft la poaaible that 
the amalca wmsr net lie psoaeat at the te^trataxe of oxii*» 
tloa daring the oiAtatiiai laaotioa* 

Ohatnred hmckllaf of tome ewsplwBt wm^r ha too to lha 
diffaxeaat in rata of (nei&atioa on tlia amrfaaaa mqpoaad#. 
Aecoxding to Sam at a3.*^^t tlfftaraaoaa ia eiaasfam 
maj ha raapoBalhia Ihr ilffazaatiail a8itati<m xataa# ft wm 
ohatnred tliat tha haaldinf of a apaaiaaa AapaaSad m tha 
thloteiaat of tlia taapAtt tteparataxe aad tiM of ita oad- 
datioa* &aaaralX7 tha staples of thlelcnaaa aibota am did 
not lmolda« 

Oacurraaee of haoldlng at ttie temparatare of oxidation 
naor lood t© aaHi a^mamma of arato la tha oxidNi ofeioh mjr 
anhaatiiaiitlir ahrnm axidatloa Idaatiaa^ flila voold, horn, 
atazt aloo daptawl oa idUwittielty of tli© cwtto fojjaed* 
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4.; WlvmaamhBt 

4.7.1 MlonKmiidui mtth OriisBTv 

Ph,4og»i«.l» .ho. ia«o*wph. oi M«iW« »« 

woxidiwd Riaiq^las m&MT « Bagaifi^atioii ©f 300* S*s^l» am. 
1j«rB to atalefe titooe mlexoixaplis vef^T tom raentifixitt agaiast 
tlim* ffctii© mloxogsiii^a atapf tidmi ladag oifilaMsy 
Bolariaed ll^t ' vae A«o mod wit% em© siaipl.©©* Metiw©© 
axa tlMi p^totogampli© ©jf tlwi iwqp'l#© i»4,tls p©I.apdLiad 
light and will %% dleensBod la ' atwlioa 4«3»2* 

fh© wdLmt&&m^m talsem ia ©a&iiauear light aepreseat tht 
fhllowlag obeervat Ions s 

(a) Mioxwismilis ©f Saag^l© ^ t&eat aS&mm la etenm th© 
tjrpK^ ai©biiiai.xitte ©©©©ad i^aa©' patwlp itat«d ^ ta m fiteaa* 
tattia pattaxa la tli© nwiala* 

(b) 9ha pluitoBiieiafia^ ©jf ©a waamiaiAad sai^a i© 

giwa la whaivaa ©f tiMi amalad ©©ea^s ar© gitoa 

ia that ©aamalag ©f th©' 0 ©©@ad i^tm© 

ha© oeoasrad afl«a the ©aaiaallag tseatineat, 

(a) stierogaaphs ©f ©i^hatsala after 

reaewttl #f ©aiii© laar©ra«> 

llezagraplia *|^I 3 fhr Oat«g©ry 1 ©hew thit ©m»a«»^ 
lag ©f the aeaml |haa© laareaaad with irnimmim t«i^rataara 
©f oxldatioa. X| 4 «il|g M© senxlt fir Oalegair lit 

mi Oategazr HI*. 

|d) 0©a»«©alag ©f ^ ©eaead i^aa© laaraaiai la ^lag 
fr©» fatagaihr 1 1© Oatagerr txt ia gaaaral aa 8©«a fmm Miercw 
graph© 








wM^m 

'Stmm 

>i:i W-.* Ai- / VoJ 


Mt.rn^m 
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(•) *22* *24 *26 'ti*« •felir«e 

»aftpl«0 bdftow <«Mation m& iBi6 ax# ilioBe af 

in® Bam® saaplftB wepetiTely mflair ojcidatiiM! vim ®xli« 
r®iD3V®6« iRco® 'llji#|i It |B tbat ooaawaaliig oocoxTBd 

«jPt«r 0»i6*tioii* 

(f) Igg i*i@®w iiio»ogsapU8 ©f atffipl© S f, ©xlliTOd 
«i4 i©8®iil«6^ ©fftr in ayta lying la m$ iirl«xi©v @f tli© 

mtrfiii©®# BlioiHi alesrecail^ &f tla Mm® Mm^® ait®® 

aiinilar tiaataaiit mm its p®rlpli®sy, A samparisoa ©f tb® 
two mlerogiMplia ittows tliat th«®® limi ^ea •ssaatially a® 
dlffiseae® in mxwfme vtvmUm of t^ two xagioaa of tit® 
aim® aarfao® afl®ir oaliatiim% 

(g) UiemgssmhB ]f^.i4i^l mm mu lOfioa® m m» Isa®, 

tion of oziA® oasfao® ilii 6 «m® 1®A stzrfao®* 1 b»® INiaoiiioA 
&mia0% hm "brnm sitoim la fooas §bw tni®® aan^lao la 
.«lt®a®aa sliov mm lagisms m» oosrxoaposifting 

•iBipl.®® witli oxli® seal® la fo®iia». flia®® mioaogaii^ w«x® 
talBBa ia o«t«r t® ati^ tli® teMaloA sazfao® la ztlatioB wltli 
til® aatfae® of oaite ©a tbs |ai3«ti<»» Howswer ta® 

oaat alaf®xmati«m ooalA %• A®ia®«6 twm tlma® ^Atoawfatloaa^i 

i^«aaaa®« of ooaxwiaiag of nimirnmim idia®® saggoat® 
tliat ooamaiat 1® l®pM&«Bt m twipoxatax® m mil m tim® 
of oaitatiM. AnaoilliNr fm&mm ooaasor tmmwrn tlian ifeat 
it was for til® •pt®im«iii* f*® ioga®® of ooaMMlag 

appttax® to iMor rntmim witib rnmtmim of tii® alloy. 
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A deejjease la «»tg^ gala ebsettod tar tli« «saeia«d 
tbae s««ffl8 to ireeait fjcm t&mmtT meoiaSL pbaac 3 tey tlufteo 
Bafflpl© 0 . fbie aapeat will b« fartbor im diwiaaBsi«»* 

Aa aeatioaBd and«w (f) abow®, tli®£« waa «aiNiatiwll|f 
ao diffbroaae obstaraeS la tbt atmtax® of tb# abbstxwl® 
at tb« pcxlpbaxy mad la tht iataxlox of it* flie fMogx^b 
of tbo oabttxala dooo aot xoxeaO. tbit tboxo lodarto a diffi* 
xoaoo botwooa oxldatloa babaxloar aoax tbo aaeplo odgoa and 
la tbo iattxlox of tbo aaxfaoo* 

4.9.2 Mlwwmiit* Ith atUrlMi llAti 

fiotittoa wtxo taiGMo vltb p^jyriaod ll^bt at 

a fiuiialfibatloa of la oxiox to iatoat a poi^bla exiataaee 
of oadto lajoam limod in* to txaaaitlcm li^ aaod 

abow oxlda Xaraxa* fba laoreriworo aot obaarred wltb iWpiiMay 
lil^t ittoafto to eoxirolato tbo aanibor of oxi^ 

laarova wltb tbo aaobor of taewioltloa ^01^ 
layoxo aaoaablo to ooay oowtimg ooid4 aot bo obaoxoad* Xt lo 
aot imxeaooaOiilo to tblab that, la xaiaafal, laat of tba IjQroxe 
ooald Ibit togotbor at tl^ toe^oxatntoe of oxldatloa oo w^l 
aa dtuflag aabaaotoat ooollai^.. 
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CaioiJlatei a-Valtiis fxm Powa«r Patterns 
taEgat - copper^ filter ^ aickal 
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Sample 

d oal 
(1) 

Relative 
iateneitir 
(visual fsti- 
siate) 

d eal 

(i) 

Rtlative InteAsltj 
(visual estlisata) 

i/i, 

|1 

3.W 

30 

3.159 

100 

(ifliitt 

2*847 

90 

2.629 

75 


^t541 

40 

2*369 

I -pr 

8 

ti@a of 

2*324 

5 

2*200 

75 

oxide) 

2*034 

10 

1.999 

10 


1*85f 

40 

1.819 

75 


1*703 

30 

1*6^ 

75 


1*343 

30 

1.434 

30 


1.425 

30 

1.524 

30 


1*270 

3 



11 

3*S8f 

70 

5.162 

100 

(klaok 

2.838 

90 

2*635 

70 

free- 

2.595 

40 

2*213 

40 

tloa) 

1.851 

20 

1.815 

70 


1.697 

20 

1*1^ 

65 


1.548 

5 

1.455 

$ 

IL 

3.648 

90 

5*145 

100 

(eliite 

2*836 

98 

2*599 

80 

fx«e- 

2*521 

60 

2,189 

85 

tiea) 

2.008 

70 

1.®38 

95 


1*694 

78 

1*'656 

85 


1*59® 

68 

1.541 

85 


1.479 

70 

1*422 

n 


1.569 

30 

1*^2 

69 


1.265 

65 . 

1,161 

65 


1*109 

65 

1.034 

7® 


0*959 

50 

0*906 

48 



70 

0.864 

50 


0.842 

50 

0*818 

60 


0*806 

70 
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m 

4 

VI, 

i 

t/x 

15 3.99€ 

(blaolc 3.154 
firaetian) 2^635 

80 

100 

82 

3.678 

2*831 

2*198 

m 

97 

82 


1.^5 

95 

1.812 

90 


1.640 

75 

1.553 

75 


’I#4I4 

80 

0*952 

46 


0*865 

85 

0.841 

85 

14 

3.610 

77 

5.137 

100 


2.840 

98 

2.589 

80 


2.298 

40 

2*175 

m 


1.999 

98 

1.807 

92 


1.652 

85 

i.jn 

85 


■ 1.475 

75 

1*417 

85 


1.324 

m 

1.275 



: 1.030 

: 55 

0.998 

55 



• 


65 


’ b«.i64 

65 

' 0t844 

65 


0*808 

fO 


5 . 1 M 

m 

9*693 

90 

(ifbite 

5.t48 

100 

2.842 

100 

fimetien) f^ill 

60 

2*541 

45 


2*338 

2 

2.213 

60 


2*026 

1 

75 


30 


1.819 




1*661 

50 

1.607 

5 


1.»9 

1 

1.547 

50 


1.479 

50 

1*^ 

50 

tlia?a« 

J.M5 

35 

3.162 

100 

(blaek 

§•81^ 

95 

2.629 

55 

fSfaeUea) 4*475 

85 

2.213 

25 


'2.025 

10 

1.853 

35 



65 

1.708 

55 


1*664 

50 

1.545 

35 


■ 1*480 

30 

1.424 

25 

I 

$,6lt 

65 

3.148 

100 


s.s4y 

90 

■ 2*622 

m 


: 2*327 

80 

2.004 

180 


:® 

|5 

m 

1*661 

um 

75 

75 


0*861 

80 

O4J38 

m 
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j^^juj^H^jjllll 

a 

VI, 

a 

I/I, 

II 

3*949 

60 

3.641 

60 


3*137 

90 

2.818 

90 


2*$14 

75 

2*427 

60 


2*209 

75 

1.9^ 

100 


1*816 

85 

1*736 

60 


1*649 

■75 

1*589 

40 


1*541 

45 

1.479 

45 


t©4^d 

80 

0*863 

80 


0.838 

80 



Til 

3.659 

60 

5*493 

70 

(i^lte) 

3* 165 

100 

2*^6 

95 

2*626 

70 

2.539 

60 


2.217 

60 

2*010 

25 


1*855 

25 

1*819 

50 


1.702 

25 

1.657 

58 


1*547 

IS 

1*491 

5 


1*431 

. ■ 5 



1 

3*626 

65 

3.165 

100 

Chlack) 

2*851 

96 

2.607 

85 

2*467 

m 

2*210 



2*004 

50 

1.814 

65 

t 

3*666 

40 

3.162 

100 

2*834 

90 

2*622 

40 


2*450 

50 

2.327 

5 


2.203 

30 

1*843 

5 


1.809 

30 

1.6^ 

5 


1.654 

5 

1.552 

5 


1.426 

30 




as one of its constituoats* HbO ams to %e ^soat 

111 It Apart from stoie1iio»«trie Zr0g|«lilt« portion was fEmnd 
to contain Slso wttb a© trace of SfegS ^ ftfa®- 

tioa© ccmialncd 2ir02 (Baiacleylt©* atmcturo) as a isaior co»s- 
titnsnt of the oxiic phase* 
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Sai^i® drained fmm MA. mmvxmmrtB did not reveal 
lines eorrespoadiad to in Its X-ray pattern* Presence 

ot HbO lines eitls predominant lines eorreepondiiii^ to 
(Baddelejite) waSf feoeeverf oBmirved* 

^h« X-ray pattern reenlt ler nnorldiaedt pare alloy 
poiwler given in f aible 8 indicates the lines eorrespcnding to 
alpha - sirocHBlw* Ko line eorresponded to pattern of nio- 
hinm* 

fhe ohsertations indieate that HhO is n^re favoured 
oxide to he fon^ with inereasing tisiperatnre rather than 
ShgOj^* lailnre to doteet lines ef powder moo. 

ple» corresponding to oxidation tipto iQpeaxs to suggest 

• otc'CcIl. 

that the tendency cf thc^to exist in Bh^O^ fOxn decreases with 
inereasing te^eratnre. It is im&m, hoeever# that daring 
oxidation of pore niohinsi the oxide Xh^O^ is a 8tid»le phase 
aronad the temperature lenticnted. It imy he assnmftd therefore 
that the disa^earance of BhgO^ in the presoat case he 
due to fessation of sose cmsplex odlies at high tes^^eraturee* 
Quaxrel'^^ has also suggested for the case of aiohimi eHoys 
that in presence of other elements niohlum foam oxides 
other than BhgO^« 

The presence of ShOg was not ohscrved with of 
the samples*. According te iraaer'^ ShO Is very stshle isid does 
not decospose into Bh and HhOg*, However he eoneluded from his 
ohservaticns that BhO in nitrogen ahmsphere ean react with 
nitrogen te produce BhOg according to reactioo PBhO * 'Idg ■* 
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fabl© 8 

Pirodtaets Itaj® ll^irdtr FatteisiB 


Smple 

fmtpamiavam 
of oxidatioa 

(*0) 

OoloQrof 
' poi^saf 

Possible pro- 
daots 


55? 

gxey 

2»0g, 8^2®5 

II 

565 

grey 

ZrOg, BfegOj 

TII 

€70 

mdilte 

ZrOg, 

1 

€70 

tilaok 

ZxOg, SbgOg 

Z 

770 


SrOgt 

9 

I CTO 

a&ite 

2ifllg 

It 

?4« 

iliite 

SSxOg, IbO 

15 

8d0 

idiite 


1 


yx&ek 

ZxOg, I^gV 

14 

852 


ZxOgy BbO, Ibgl 

tbxss 

834 

alilt© 

ZrOg 



bli^ 

ZrOgf HbgOg 

six 

?38 


SjPOg 

pure alloy 


a Zt 

mA ©xtds T^to i2go 


irOgt 


' As tim pm€&mismm $f SrOg ta all tlie 

tioBB ®f tlie 0 xH« lajar jbiTe«ttia1;«d ia tills isssic ma olissrrsd* 
Any fxsdast sf latsmstloa &t aislim iritli slssfliila ssale «ss 
ast tstsstsd 4a« ta Bi*a-*«v«ila3»llity af X^issy data far saal* 
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oottplex «aid Ifeiper^^ wh it e liiw«stiga,1:iiig 

th« effwet «f ii»s©liition of niobioiB ia zireoaia oxide did 
not olieesire mf elieiige In the etraetnxe of the oxide« 

fhe fzeeenee of Ifh^O^ and ShO oxides in the oxide 
ln^xo nay he aesoeiated with xaxions ehangee oooiurring dmdliig 
the hlBetieB# Slnee lh 20 ^ hm hi^ woXiBBe xatio# its fosna- 
tloa ssQT xeeiflLt in oxwdc J^exoatloa and enh^qwast inexease 
in ^lidatioa xate* Ihtexeitt^t oeeuxsenee^Weh oxaehe nay 
ei^laln tlw g^peaxanee of tzaneition ^clee in the weight 
gain onxfee. 

The change in stahllity of Sh^O^ with tea^xatwxe ae 
aentioned eaiXier laiy thexefexe aeeomit fox sMe of tlm ten- 
pemtuxe deiKmdent oxidation heharrioex ehsexted in pxeeent 
inweatigati^v This aepeet will fhxther he tahen in *genexal 
diaemseion* * 

M Mffexential ThexiMil iBelwelyt 

The dn Pant Biffex^tioi fhexsnO. ineljser wae 
employed to xeoozd a teisperatare thenBogzam of a powdex 
eanple of the alloy* 

Xaxiiimn tmtperatnxe reached dnxing the anelyeie wae 
ascend 12$0^C. fig* 11 ehows a seaningfid poxticn of the 
thezcaogran* Oenditlone of the ^^sinent axe Meted in the 
legend given in this figixte* 

It is eeea ibem fig* t1 that three proniiMnit peahs 
were eheertei et teaperatwres 350®G» 5?0®C end tiO^C* 


740 C 



TEMPERATURE THERMOGRAM 
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petto «t 350 5T0®C appeato to eoxrespend 

to tome oxiiatioB et&tee* Impacy^ analjels did not 

rtTeal any new oxide lOznation at tbflrse ttBaperatnzee, It 
appeaxe that these taepexatnzes eexvespond to aibxt^ tnesease 
in weight gain diming oxldatlcm* 

The peak oheereed at 740®0 was xelatltely wesy laxge* 

It deeae to xesnlt tmm ignition of the alloy powden at thla 
teaperatnze. titexatnxe xeteals that sixecmiiira powdex is pyxo« 
phoxlOy^ mid for that totteri it is enaoeptlhle to rapid 
ignition if eondltiens are fafonred* The tenperatnre of 
ignition depends on ^nrtiele elee of the powder^ i partiele 
sito as low as 3«i5 nierem aan p»lf ignite in air»^® 

A diseontiBnity in the onrfe (pexhaps a texy jj^hle 

peak) was oheerved at 1215^0 (not ahoen in Tig. 11) whieh nay 

( 

he aasoeiated with preimnee of niohinn In the powder* Klofp« 
Ei»s and Jfafafiiw^^ repoxted thet at 1400®0 the toafe ©f reaetlo® 
was enfflelent to nelt the niohina raetal.i loxic ie iMeded te 
disoower the eenssoif 

lo more neaping oonld he assigned t© this aaalysia^ 



CElffBR $ 


DimACfO&SilS 

DS.ff3?actoguaffl ©f "tlj© i0.1©y 8tiil>vtxa.%© i«g 

til® ®©^jfa©e ©xld® v®s taR®© ibjr ^i® &f th® ®a®t|iX®8y 
SftiBpl® ©even. 9!®1>1« 9 glTe® 2® ^vi®s and *®latlir® iatea. 
8ity ®f the p«alcs ©licerted ia thi® ©as®. It also iB®lixd®i 
til® oalealatad d iraXa®s £r©a tli® dl£fiiaeto^xaiii data. A 
diffSraetograBi wa® also tsikm m th® anoziditsd alloy sampl®. 

It is o^oajrvad ttom falil® 9 tfeat ©oapliriaiy d®8eal®d 
8aa?fa®o of Saii|>l« aevas sliowad peaks (soly t© alplia^aixe®^ 
BiaaBi file peaks ©l^aerved sere as ahazp as tlioa® ©ktaiaad for 
til® •as® df unoxidiaed ailoy» It aiiggeate tkat tlie alloy did 
Bot pi^ up ap|»*^l®^ld aaoaat of ©atygea as t|ie tai^xatar® 
of oxidatioa aas lov^ It ia in aseosd witii kigli aetisatloB 
energy of Oudiasolatlon ia alreoaliaB ®«tal. 


fa&le 9 

Biffraotogi^ lesalts f»r Samile 3®a«ai 


2® 


Bolatlve iateitsity 
dAi) 

92..00 


io 

5+.80 

2*5t8 

15 


2.462 

100 

68*40 

t.5Tt 

9 

in*4o 

0*902 

2 





m 

Mf mm also 'Ittlccai on tliooo aasiplos i^io% 
fozxied 0x14# inottffleioat fox i^ing |»o«&or to to tsaplo^ot 

I 

in tte D»ty«-S©lie*a»r notliod* f bis iwrolTed ifhtcli 

wore oxiSieoi at around 500^0 or lewor» Hg# 12 abows a 
paapi Of tba diffraetograa otaomd for Sspple T wbiob was 
oxidiaod at 494^'n- 

Jk otndir of the ilffraotograi^ onoli otae Obown for 
3tfi^io T in F|g% 12 lad to a eonoliaiioii tbat the speciiBenB 
oxidiaod at low tesperaturosj arowaS 500^ or tK»low, allowed 
prosaaoe of alplMwaireonltaa and ZrOgt altbon^ no abarp 
peak of tbo oxide wee d#teetod» Befere tslkix^ diffraotogra®;^ 
half of the aarfaoe of Saiple T waa atrippod of the iwale a© 
that both the oxldo m well ae aaibatr«te oonld he erpoaod to 
Irnmj heaffl dwriiig reoordtag difiraotogra®* "^o tbia 
ai pha^ff I iro owiM B peaka were idao ohaorwod In the Alf£s^oto~ 
grwB of Staple Tak Bealin oorreapondliig t© ©r tms other 

@f niohiwai wwEj iiot dotooted* fbia ia awpportod hy tlwi 
work of Braner*^^ who did not deteet aharp llneo eerxeapondim 
to ^©20^ daring oxidation of ntohin® below 500^« He aaemwd 
that as^rphoaa fllffls formed* In the present inteatii^tten alao 
it appears that fOrnatJUnoi of a^rphoi^ tiJjm of oecurred 

at low teaperatnres»- Bae to its low osownt in the eixide layer 
and its fliBorphonB natwre, the prtea^ of in li^ji mai 

difflenlt to doteimlno by diffraotogrsBO* 



^ ,, , S€ ANIil4MG SP E E D 2* / ,Mt N 

CHART SPEED l"! MIN 
: - BEAM SLIT 3‘’(MR) 

detector SLIT -dMR) 

/ . ' \AINGE 2000 , , ' 

TIME constant I-O SECOND 
47-80 target CUi 

FILTER NICKEL 



Intensity (c.p.s. ) 

^ TSk^ ^ OM%uL vJt . 



8^ 

W6«k ftaics doSTsesponaing to were wlv&^ iHeiitl^ 
fled^ 3!|ii0 eu^iitfi that the oidde la still ta traasitioii 
ftow smorpliows t® cisrstaiiiae fhxia* 


CHAFTEl 7 


MiomHjmmB 

mmeammmtB mx9 tak«ii for aill tbo 
1 tg iii4«atattoa load, Tfeo losalt ia 
expraaaed aa th» Ksoop Hariaass iMtoer, Tlie l^oop iadaa. 
tor Wit i^rrwilUid in tpim giving a diaaoadi-altapad (^oidio« 
indantation of whleh tba diagonals liad m aipproidU 
laata ralatlon of 7 to ffeo l^oop l^Krdiiaaa SioSior rolatos 
appliod load la Ig to tlie mxoeotofod (approxiaiata) pro- 
jlootod arta ia if, an, fl^o liardaoaa aMlnar oorrespoadiag to 
a aoaa\ared loagth *1* (laagtfet of laagltadiaal of 

iadaatatloa; for a load of t leg mm dotondaod frc» a tafe>lo 
an^pliod witb tlio liardaoas toator*. 

fpm INiptii of iataitatioa «aa a^«t 1/90 tPm laai^lai of 
longitadiaal diagonal* 

3)ata for nlexoliardaoas aso gitan in fa^la 10 - 11 for 
aomo of tbo aanplas, fa^lo lo gitea tlba rediaoa for anfioddivad 
spooiaions in annoalod and naannoalad oi^itio^, fi^o 11 
givos tiio aaae for oridiaod ao^plOa, 

Tablo 10 Bhme tbat tlio tearinoaa of ^ anoaddlMd 
aanplos dooroasad fmm a talne of a3ioal tft to a talnui of idbont 
ZtB an a roonlt of umoalii^ treatnaat at @00% f&r 1 Inr, in 
10^^ nm % priaaaro* 
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Table to 

Hazintsa Talata far Haozldised %)eei»SQ8 


' ' 4 ' ^ 

Ibiaanealed 





length 
of Inden- 

(m) 

Attragf Average length of 

length IbuTd* ind^ata- 

of inden- ness tloo * 1 * 

taticai *H* (m) 

(»b) 

Average 
length of 
indent»,> 
tion 
(a®) 

Atcrage 

hardness 

0^23T5 

0,2575 

252 

0*255€ 


226 

®,2575 


0.2541 

0*2451 

0.2509 


1 meeanxed ea Sai^e 5 

2 aeasaxeA m ftiB#le five and elerea 


Table t1 gieea )iaz'<& 3 ess e«0.aea tatIcMa eat tbe oxide 
earfaee ai eell ae wt ebe alidpped enjbstxwte* Tbs bard&eee 
falaea of eaiHitzate inereaeedJc in g^eraO. £reii ■llteae 
obsezeed before oxidation aa expected*. Hoeeeer, tbla 
increase appeara to be trery amll*. Tbe data thiie led t® 
eonolnde that 9 xyg^ peaictrated caoly to a flaall layex of tb# 
anbstrate. After iMiliebing tbe acbaEtrate aaxfaee doon to 
about 0,5 a® tbe ueasared barduesa jEetuxued t# x^raal ealaee 
obtained before oxidation* 

Itm tbeee data it ia diffieeit to ealculaete tl® diffO» 
alon coefficient of oxygen in tbe aUoyv ****® * ^'^ ' pciditra- 
tion of tbe gaa in t^ alloy for tbe present ca^ aloo explains 
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Table 11 

Itetneae Telaee (CTr^i ^ fer (btldii^d Saa^les 


Oat«ge*y Sample T«aj^«ratia»e of ' Jgi 


barteega ae^mftd on 
Oxlae ^ 



{ ineseaaljig 
o'xdeir ' fog* eaeli 
®.atege*y)- 

' instifiBse 

guarflaee 

17 

396 

279 

279 

T 

494 

249 

279 

TI 

9S0 

297 

19 

?n 

6T0 

251 

249 

12 

569 

295 

302 

7 

672 

245 

15 

10 

750 

247 

m 

9 

78® 

247 

229 

15 

iia 

m 

25 

•Tfia 

595 

239 


9i#t 

746 

247 

' 

tiivge 

854 

245 

218 


Mr tb* bM«a»»» Mwnm* « «» net 

wilwit «By 4*p«i«Mie« im «f <«1- 

datloii«. 

tb. rtwrmiiloM •«w»® lib. bartobw -nHw ■» 
bl»k ««1«» »•»• m Ugi »» 470 tOT S«pl« W* n» b«te.8. 
MUbMA bhlt. «lto «>rfii«« bli"-* •» «^«cUibl. 
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llATdjSKIIfS lB9aStl£'eSl@a't@ “111® oxlds SllOIPBd 

oSMWsJcs tl® jLitdezitailoQ0 irliesaaa ^ht^ne an 'tlie blank 

©acid# dia list slisw ©saaks, it aay be attxibnted to the lose 
of I^aitloity MtsoeiateS with fozmtion of white oxide* fhe 
hetdnees 'felwes weaswked as idiite oxide weare as low as 25 
in ease of Sea^le 15. it mis' be noted that Ranglass^® fro* 
hie otia^ OB plaetieitj of sinecsiia eoncliiaed on the basis 
of attoothness of the inltontations that oalcia stabilised ottbio 
siBOonia was mm plastio than iBmoOliBic foxm. 

fhe plastioitT^ of the oaeide be^ana apelatlon with ite 
paeoteetiwe pai^opertjr* A well plastie i^ale »aj stand Binmte 
diiieneioi^ ehanges whioh B»3r oeear due to thexsal stxeeees 
set nt^ in the oadde without teaaring iteelf apod thearebjr paseeezir** 
ing its piroteotiwe pi?epextf • Xh eiusie of insnffioieBt plaetio 
soalog the etaraeses gweamted in the oxSile an^ lead to xafXBp> 
twariM hf t^ eoele whioh will enhan^ the oxidation* 

fhe haMsess walBes neaeoxed on white oxi^ eexfuoo 
wexe not eoneietoBt. fhis obeexwatlon le aesoolatod with oxaok» 
ing of the white oxide wndor the load of the Indentox dee to 
its brittle natnxe. 

fhe haxdneee Beasnrmnts taken axomd the blaok* iBHau 
stoicbiOBotxio sixeonta SBxface of the oxide expoeod ae a 
xesiilt of gxBdioBt pollehlng on the JwiOtioB between tl» exide 
enrfaoe end deeOeled e«d>stxnte showed that the haxdiMss valnes 
inexeaso pmt the bare part of the smrlhoe to the oxide*^ It 


95 

refltQte inertase in ImxdntBs vltb inearetaslag eeneest ration 
of oxs&in in tlio »otal« 

lafosnaatios ol^taiaoi tmm hwpSmm 'Valuos for ssgitpXoo 
oxi&ii^d In air was most or loss tHe aona as in tM oast of 
orldatloB in part orjrgsiit 



8 


mmuML Dtmm&imn 


It i» mm tmt ^l«ii a^pfifior ia tiia 

gala aaavea (Hg* 91m exliMkim mm mav m «aii8a«e4 

witli tfc« llaiaaet'laB of atoiattioMrlidat i>©»ima* ffirOg laaftlag 
,ta a l^svateKigr* Hoataar^ m wmimt ®f tamsitloxi ef^laa 
obBezrad aioi be aiqpIjilMifi m tba basia af asSiaaa^ aal- 
gatiaa waapaay tag tba fmaitisa af 8tai^iaaiatvla« ^xaaa 
aaala* It mppmm ta ba aMiaaialai aitb tba faaaatloa 
0f axiA<a» af aiabl«i« tbi asaaf^iaEttU^r bli^ aalant xalia 
af lbg@^ aar !•*& ta axaiit fasawtlaa la 13ia taltial. ^tataa- 
tiaa laiida Mt aaaaelataa zaplA zata af axiiatiaab Baaaaaa 
bba aaiaagiMiai mm^km azaald agala i»za pzataattva aalia 
la^rar aatll in^tanag af tba pzataatlaa aaala agate ^ai»a 
by tba mm pzaaaaa bztegteg ibavt anaat af aaalbaz ayela, 
f bis pzaaaaa mmm ta mpm^ mk tba aaxzaafonSteg anteasr 
af ajraiaa aza abaaztad te tba mi0ik gate aaaraaa*. 

it blgb tMfazatazaa, pMlMy a aaazaaaa te atbbte 
iitj af te tba aaaia wm tbaa ba aapaataft t® bzteg 

ababt i®aa aimbax af aTaita aa aateaMi teas tba aazaaa* 

fbe aiduB^ai statical zata at taaaazatYiiaa nbafa 
tOO^O aajr bt tea ta tezaati^ ®f Xb9 axliii aai teaar atsbilitf 
®f ib@^ aaii ib|^a^ ®Kteaa te tba aaaia^ It wm ^amA bgr 
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Eoitetaft t% tliiri ig i«ss t1i«a SfeCJg tm 

th9 i^xwiir ^iwii do lai i.Mi.lja«i fUjo# t© tii® g|iiHei»eii 

Til# l»t«xnittmt ©raok IdOHKliim #88©eiif;l«d with 
til^ wstiw «f ma^- ttmafltim &ywlwmm 

It i6 «Kp««%#$ eoarser aloliim-oiia^ pha#». 

«fl#ir «Bit#A2.iag &t mrn^we (mitwmw TXI) imy ima t© 
impxoyei ©©xroaloa xtaifftaiie©^ Via ©SMtilit empmttMg thw 
mi0t ipla yadiiMi Jia «l.«p©«a ©;si4ati©o tijs© ©f m mimtemg 
it mmt h» mm that sample tarn »ix (TSS^) ami 

mim ekm wei^m i»i» obylously l«i^ thm 1 

ime Vtc* f> liwitta©; gaito la Sam Sta^as it (t4$^)f 

i amA 1@ (?|i^> l© M#iia tlitoi 1 mg/mF* It ao^st© 

.tM amti^liig iitti© te Ij^soyoamat la mmvmtm rnmimtamm 
mi sa*'t#$ wt. i«t« Wh mnrnm mmplm* 

Xtt yidii 9f Shim stability ©f 1^2% ^ if ©acidatlon 

if fix© BiiliiaB ©t ^igli tioBpemttix©© aod it© Imm ©tai^llity 
iitfe iaeaeafilng tm ^ a a t m ? © m tli© pxiseiiee ©©©©^ it i© y©©«i1»X© 
tliat it B«y fixa mma ema^lm mdM vitli fli© mlwm 

xati© ami tte©zgiia mtpmwlm pmapamtSma ©f tlie ©ga^iic ixMMi 
'©oiiid he aXtifit^r diffaamt^ flii© may laysit© t^« ©aidactiaB 
©•©IstsBi© and ©«»»« a©e»i«©« Is txaositiw ey»i©s* It aay he 
elt«A Is tM© x«©p^ that Hay© asi ©iwixlcts©^’ lay© hheim 
thmt impmaeA mMatlm tasiatase© ©f WMSs (55 - 50 fat*) 
aiXiy i© attieittitad to tti© fixmalios ©f a diisamimB slolbact© 

(Cir i%0^) ©eaiyl©»* la a saaeat isyastl^tloa os ©zliatioa 



9f itUay Cl*«So irt* p«t. Mi) ia e«riNa* 

diaxiit'«tmaa^x«^ 0afiad«t m& ilie l^isurlioa 

®f a GMfltz asMa i 2*02 5^y paiirled ©al tliat tli« 

teaiiaMiy «£ ’|lsiaM.l!'iias ®f tliia ©Mplex . iacxeaaeS iri'lli 'liieittaaa 
ia. tis^wlaxa m »ell m ©itli tB«a«iuB« la aieMim • ©emtaat 
#f tli« ailayi^ Jaeoa$lag -I;® tfeicai "llhi iteaeaiw la ©Eiiatic® 

3rmt« al 900^ la eoai^ffi?ia®a to tit® rat® at 750^0 sl^ li® 
is® t® til® §^m9^im of tliis emt^ta^ 

It i® ®%®®xy®t t!i®t til® ooearrsne® ®f a tmasiti®® ^1® 
la Atiayod 'vitli laastaalag tia®» It 1® a®®®i®a®M® t® tblalc 
tliftt Vii 2 % t«aa®8 omidLag la tte® miA* ms mm m 
mhiMmt m etrltioi^ tlii®kiM®®« M the oxldatloai ®f t^ «U:®y 
yv®®®®d®y tit® tlii® xatfBdjn^ to lalld ay tli® exi.tt®aOl thl^eacMi 
®f t^ mMt 8l8® la®7®aso®« T^l® aiqr emsm thh ehmv- 

t®& A®lay»: 

lyaxt ihm ifeAmm laitl® ®f ttawIlM 

®f 8tol«liioii«txi®» a®a»pa®t«®tl'v« oixii® layaa ««y ala® he ooa* 
®li«z«d to emm ehmge la tli® laltial kta®tl®««, tiMe %la®lc 
aad alilt® fieartioa df t^ ®il.i« did met hb&m aay AltWermm 
la til® staastax® of tli«lT ZTO 2 emtmt %y lUiray ®%8®a«Kti«ii® 
(botli ®ti®««d B«dd®l®ylt® ntuaotai®)# mmrnmfp It 1* goaoae^lly 
hmma tHat tlaolc oxid® Is aoa-stoloiiiMtxi® md yxotaotia® 
idtoxoft® aliit® fraotloa la utoi^ioiiotat® aad 
mm Jte»tli»i ®f idlit® ®Kt^ is gawsaily oftco^pmltd altli 
tidiaiioad xat® of mSAmtim*, 
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Sli*#®* %ajULiS*.ii|^ in t1i« aagr ®!*® 

m»pmem» fi&sr tli® tw^U mt 9 &f eiciiatioii. the acMe 
repitwjpi and i®»aitlag laae its tiehetiour 

@«iiaMii "fey gtxma 'gememtad $m tl«i ma^ mh lii^ tiM|Kisttti»re 
fet Goimtdrafitsd fey flastio Hm and 8tat«3?i]i§ in 

tiis ''' 

Gtae®® proposed jRijr t1m ««b# of ^dldation of pare 
sirOoalOB tfeot oraolcs nigfet oppour ad gxatiii feonndarles doo 
fee 'SlxfesB oosoeiitradioii* A aiien^oopio study (ad sogDilloo* 
tic^ of'fOO) -Of tfen oadLiisod speeii&en nos doiM fetd no loosl 
oo«in«iitxstioii of otoOlBi am 'iotoot^ ad or tfee gxada feooaiary. 
$feis ofetorvadioo ' is mtt sorprislsg In tlow of mat little feaoeu 
ledge alNiet tINr eenee of tyaneitioiii* ^mtAag tlie «matm ' of 
present 'ineeetigetioBy 6or^ repirted tlie prmae* of ereeke 
Of tfee eise 1fV15 t In tlie oridadion pxodnet of Sr «.!«$ w%, 
pet. Xfe fiiio eleetx«i nleroseopie ' etm^* Be adferifeeled tlw 
ocGurrence of feinaknway in tfee kiiieties to tlie preomee of 

kyc. 

tfeese snail oraoks, Tlie ssnll ese^ eere tfeoiiiffet to 
fey on oxide reeryetallisfttioii preoess# Tfee ooemxeaoe of tsan« 
Sit ion oyeles was ofesereed fey fein#. le pxedioted tliie fei^eeioer' 
poesifely dee to larfs else eraoke xeeelttiig fren tfeemel eyellnc» 

file inereoae in oxidatim zade nay alee fee ei^eted ae 
a reaidlt of prejterantial oxida tion aronsd infeoTO^meitiee 
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Ixt 'll!# ©Sack 4bwi alxaas #<iaei** 

©•atjpidleai fcitil«4ag iq> fba aoiild 

l>® 11J10® ■'til® ais v^lla apaopl* Ik tk# 

«®*|E» «4i«I!» iiili(»Miw«ltlM (talc«B t® 1>« Biablm. 
i*i®li legicme) hi® wiey dislktkirl«dt 

»«y I® ' t® ke imdJu f lii« muy k« iiMiJMpilfie«it 

in tiMBBitliiii im t# tk® ac®l« plasma "ky 

kigb. irolixa®' ««lid 9 t ■ 

' ’ fl fi 

Qem m^iA x«le df oxidatiQB 

$ps% mi% 9 T '^wmmitim t® bx«ak mm in tli* M» ®f dxi&atlaB 
@-t'pm!0 MmifMktlir it 8t««i3r at ilBaaar. 

b«i miggtmtitA tliat tlie 0xlA«tl<Bt at tl# 

•tairt ®f bsaaSnoKijr say ^aibly' xaHaet a xapid anelaaliaii 
Mi giiirtli #f 81)^6^ (liiieli la paxaaa ant afikira m m little 
laaiataMa ta Mtiatian) m the aitrikaa» Mi attaianMt' ®f ' 
a gtaiiiir atata praaaaa iaviiig tlia immt ataga<i*' ^baa tlia 
lawtB talae @f m {< 1) obtaUiei ia tbe psaaant aaxfc laagr ba 
iae to aaot! Bmelaatioa a^ gmmth of tba exiia* 

fbe txaai in 'vas^tioa of baxiaasa taliiaa of tba 
oxiiiaoi »mplm aXao boaza zeXalioai to tbo kiaatiaa^. Saxiaoaa 
saaaaxei tm tlia poiipliexy laie eOLii^ly bigboa tban la tli# 
iateaior (laaiMaa m1i»b m pmlplbm »»*» aeaattiei aitliiji 
M fw» tba aiga). It Isiioatae aiga afiaat in aaoaai 
witb tla abMitai atxoxig mUmreme of tba oxiia la paxipbaxai 
xagioOff Stvoag ailMxaaoe xafLeota atxaoB ooaoaatxatloti lAtioli 



JEesidt ia ®f the oodt* m the 

Sflile e4ge ei^et in hes^teees ffiei^raeeaeBte aaor he eeseeleteA 
with eauiy ai»iHiatMe ©f lAiite ©zito aieetg of the 

speoixea^ . fhi»'liMi4s tO'Aeezeaee in ©ziAetioa »i8l»tf!ii«e*> 



ClAPfM $ 


siBD Of moBi worn. 

Viftd t© mcgiiMixk l&m tmpm»tnxe 

mtimtim h^h&rlouT (pmmmi^Xj wimm l^emrltimie im fa^lds), 
t0 limmt m& im»T kiattiee at alawlaft %«■. 
pesatuzas^ ie aat aaafSAeA mis tli* pmm&k i&et«3ji«fX!oeMpaes 
mmopj^kag: ^nviag zta&ti<»i at lev tes^xataxe axe la fsiieral 
tlie leaet aniaxeteei aa well ae tlie xeaaiiui laxgaljr 

aaixiAetai^ flaxe la m aaitailbla aeeNailaa iwepeaea ii^ieli em 
eaeplala th» ll 3 iai»r exiSatiaa, 

Ietiiittevt«iilag» tliftxt ia aeet te tetliex axplext 
thm iibate fields te axxive at a aedal liiieii em 

iaiiaflaitexily en^^lala with the m&e^miMm proposed the el»aerf«t 
aidiatieii l^liaviimx* lis partt<mlax» far tlie allegr weed la tlie 
pxeseat eeidc^fiituxe lavesllfatl^s axe needed tSumg tlie fS^e«- 
lag llaes* 

CD file esaet aataxe of tbe defSet stxairlitxe of SxO^t 
ttie txaaspezt awdiex of eleetxeas^ aaleaa Salleiis axe mei 
.teem, flexe teovledge la aeeeaaaxy to mdexstsed tlie awieeiated 
seelimim* It la geatrallf ammed tliat tte eoilie ixevtii Is 
getexaed hy ox^Fgea diffaslm* HaveteXf ve ateSld Slae imMldex 
tlie eleetrieal ebaxaetexistles of aeax-atolelilmetxie SrOg and 
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"111# tm^r &f ims and ftlaatxons, «d iiiwi «li«tli«v 

a|,avlv 908 'tlizi'aa^ pa^l af 1;li« jMtii2.e la a xatiu> 
llaiitijBg ISMitar, It la waatlm^ila ta mate la tliia atsinwst 
tlitt at $ix^ aasKlad ©at asf mamammmis mmm 

UfOj mna at t00®C aad saggatriad m tliia Baala tlial 
aiaatra tiaoiaj^Tl Is xata aeatxalllat* 

(t) tk# lattifnatatiiai &f aatla-atioa aatagies will 
Mifw •©»© fMinlag 4f irwriatlim ©f axMatlcai aaat«t.aaita wltli 

i» ^oa© ©Batmi. lar ©wwnpla. If aatiwwiiaB 
WiSiiSr ©fa llata laa is ©Btaiasd and it la t^aglit tliat 
pBaaft liaaiidaxgr vttli adsaxptitai ataiUBxia is zata dataxaiiaiag, 

i 

mm aajr tBwi si^et tkat . at a amtsait ta^pazatasa a aaiiti^ 
aaaaa iaexaaM af witli laazaaaSag ©aygea pxaaaaza will la 
alaairvad aaeafiiiig ta tm i^ai pxadaaaA 17 Eiirlial'^^* £1 aasa 
af paralalia rata laar» aaa alsald aiaiiarij ^eat a aimataait 
0 'ialNqpaadaBt af praasaza Hr a»tppa af arlda as pradiatad 
ip ' aaalaaiffiB^ 

fla lltaratara sliowa tlat aatiwactlon eiiazsias lava aftaa 
aot laim iawastigatad m a fasatlaa af prassaxa* Baal mWt 
is llglily aaiaaaadalla* 

(5) fla real aaaat tlat laads ta Ijcaadcawap ^Eiftatioii 
far fr is aat kaown*. is prapasai I7 Osa^ it asp aaaar dat ta 
prafiraiitial axidatiaii at tla gxala iawidarias idiial pradwaaa 
differaatial strassaa rasHtiiig ia asa^ HMtian* 

If Oax*s lurpatlaaia is tratf asldatiaa af alagla axpa- 
tala af &r aan lalp reran mm af tla fi^s* fla Iraakamip 



sliotili not nQemx* la saeii Bmh iposic Ims »ot Imii«b doxi«* 

aiagl.® to %# o^plofM ia etmh wosit w^y ^ 

pzi>diioo4 %y iNf tlitiaai eyeliiig (jfer oswf^o imni Hif^bis 
«»& Soo®®) 8ia^ %)m w6%aL 4o«« aot wnilly lisid itself 
to tfee e<»iTe»tioB8l •stasia saasei* *« 0 Btif#llei solidi- 
fioatlosa* te<^sti^aes JSoa tfee psToductloa of ela^e ®systal*« 

<4) Ij^eaits Of iiffOaeatlsl tbexsal wMOyeis *oal« 
bsve aoxe aesaiiag if ^etSstioa etstes' at stzstsglo peslc»» 
ten^tstaass sse iavsstigsteA* liiteaitiiie Ooeo aot sliow 
sosk doiO' ia tais iliaoetioa* 

’ ' ($) Ii0i4e4ge’ slOost stxtietitze and staHillity of %'m- 
oat B0*.oxite8 is ooiaty*.. k xsage of oadlAes (-olape mk eos* 
plea) of Sr Oad'VO my fOm* jmi esris, (ase4 Ibr ozi^mt 
iimtiflostloa)» ai^ far tlist nettor pest lltezstssesf fmmlek 
tsty little ImerisOge a^oot t&oss oadLies* f Ims tliore is 
asoi to iateeticste ladiridNiOl oaiim of Zr mk lb (lb la psia* 
tiesiaort aodioe of mioli mm tboa^ to 1 n» plsioly I«eI fair aoo 
IsMiaimy and tbe sietm Zr oalde - lb oxid#* lodinSawl aitsl&os 
ss veil m ox^rnltrides of tbese aetals Obobld aim be lafosti^ 
gated tboroa^ly* 

Savestlgatiiais of iatermti^ amiig oaides will bolp 
aadoretand wmj prooeeme ©eearrlaii iarisi rosotioo of tbe 
alloy* It my aaiplsta wbat esseatially oanses dlfftneemt I*, 
tbe observed IciaetioB for tm speeiams sableotod to diffaraat 
orldlslog mtis* B mold tbea abed dosbts and malbsisaa 
erested beretofoxe as a resalt of mny ismstaxea sessonixigs 
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1*0 oiqplo tTi “llio sotiixo' of 'llie kiaotioo,, 

(6) fSulkoirlaag two oboervatioos oowi^ fstm tlio lit*-. 
jfiEtwx* swggoot tbact tli«3» lo »ooa to mmX&y Hootson 
8 #o|to la Hiiwxo iawootigitloBO to oottlo wassy OiaHMota*' 

C»5 xooeatij i^tapibeloi laioll ij^roo (10-50 t «l»o) 
to 1 n» foiMilbl|r‘ toopoaoiblo foa tlM» %mBtlammy ol^affod la tbo 
kli^ioo of fiizo ^ yr&p0m& tbofe ■ 8Bia.l posoo «z« ooooiblr 
fo»od 08 o xoBWlt Of m/m aooiTstoUiootian peomm* Siootam 
aioto^iofw my tkos bo ta^loyofi to kewtoi mmax pom of oooli 
oioo 08 8ioatiooo4« Hjoo o Imowloigo of looxpatoUlootioEo of 
tlio oxiio is oooiod to owtoblisb tbt woiiiitjr m tbe otboxu 
vlo» of tbo pxofowO. wa0m \fy 

(b) Xo m olootxoit al^eooeopo otoiij of simalws oael- 
ictioo ta oiir ot f90 to 450^t l»oii^oiP ooS woo XatSopt^ 
fAowoA tliit ttio tbio oixoaaiA fila 0 m wiowoi by- ttmoiaoslffii 
nioxoooOpir mm oxtxoiBOiy botoxogMaoow dosplto tbo foot -tbot 
tbe fil 08 ibowoS walfOden latoxfOxoaoe i^eiiSB igoi asdiibltoi. 
STOOtb 8 iirfoeo 0 by tie xoplieotltm to^mioo^* Cki tbie booio 
tbooe aotbOTO qiswotigEioO tbo m8efOI:M88 of ospioaolaiC tbo 
klaotlo gottowxoMiits Is t«£SB of f«xtloi0..or vato ofogtienao 



APfSSDIX A 




Bethune 8. Williams. J» Nucl. Mat.^29.129 (1969)) 




TEMPERATURE 




ATOMIC % OXYGEN 

ZIRCONIUM-OXYGEN PHASE DIAGRAM 

(After Gebhardt,SisglWezzi‘ and Diir rschnabel , 
J. NucL Mat.,4 , 255, (I 96 I ) ) 








Mmmix B 


Bata fdr immy imUyBlB 

Values ©f liatea^li^ar Sfaslags (4) for tl» fiiaes Sti^igest 
lliiss ia tlie Pender Psttesss 


Hatesrials 


tim 

@ax€ 


AC^) 

tiTS 

iatsu^ 



limazics 


#»2irecoiitni 

5^>*OS45 

2.798 

55 


■ 

2.575 

32 



2.459 

100 

SioBinm 


2.55 

100 



1.449 

20 



1.548 

to 

irOg 

15«W 

5.157 

100 

( Bs44eley ite ) 


2.854 

65 



2.617 

20 


5-0552 

5.951 

100 



5.140 

100 



2.447 

70 

ltl»0 

15-555 

2.095 

100 



1*484 

100 



1.267 

100 


stxiiniiieet IteacKi^ial 

tat^Qsit^s di££k«0to~ 
luster ralne is giyeii 
Aimstirte &f 2S leeer latei&Bity 
lii^s u|jt© 4 * 0»S20t 


straetiyNit eiiBle 
esi^iete of t lever inteiisity 
lines site 4 » 0,74 


stsnetnret aoneellnie 
rel^ intensity t 4if!j^eete- 
Bieter eiliie is girtn 
ecmsists ef 70 lever intensi^ 
lines iqpto 4 « 0,@8^ 

»ei, intensitys tl» tslmes ere 
eVI;eiiie4 ism rismiP. 
estijMcte 

eoBSists of 25 loser intensity 
lines iipto 4 « 0#995 


stmetnres eti»ie 
rel, intensity tslnesi Tisusl 
estinste 

eonsists of 22 loser intcsisity 
lines npto 4 « 0*7817 






MB 

3*42 

100 



«*54 

@0 

‘ 


1*754 

80 


1SU37 

1*807 

90 



1*526 

100 


xtl« intensity talsest tisnal 
estimte 

eossists ef 17 loser intensity 
lines ii^pto € » 1*754 


itxnetiEDret bexs^ossl 
rel« inteneity vainest visnal 
est jUssfee 
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